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ABSTRACT 
This study provides evidence that there is sex dimorphism within the craniofacial growth 
of juveniles.  This study was modeled after the study produced by Gonzalez (2012) and 
updates the methodology used in that study.  Computed tomography (CT) images of 351 
juvenile individuals, ages three to sixteen, both male and female, from the Department of 
Radiology at Boston University School of Medicine were measured.  Of the twenty six 
measurements taken, nineteen were used for analysis.  Measurements were made using 
OsiriX, an open-source software that allows the manipulation and measurement of CT 
images.  The data was analyzed using discriminant function analysis in order to make 
classification models based on age groups.  Gonzalez’s study showed that the male head 
is both taller and longer than a female’s and that based on his data set, sex estimation 
using this method is 78 to 89% accurate.  The current study exhibited rates from 66-85% 
correct classification depending on the age group when analyzed with a stepwise analysis 
and rates of 74-92% when analyzed without; both analyses exhibited a trend towards 
improved classification rates in the older individuals.  The neurocranium and the areas 
affected by the growth of the nasopharynx were found to be the most dimorphic.  In 
v 
general, males tend to have a longer and wider neurocrania as well as increased growth in 
the anterior direction of the facial region.  In addition females had higher correct 
classification rates compared to males, despite having fewer females within the sample 
collection; this trend was also reflected in the original results produced by Gonzalez.    
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CHAPTER 1:  INTRODUCTION 
 The basic biological profile of skeletal remains includes such factors as stature, 
age, ancestry and sex.  In adults, the estimation of these factors is more easily determined 
due to the skeleton having developed the core traits that anthropologists use; this is 
especially true of sex estimation of post-pubertal individuals who have developed 
secondary sex characteristics.  Conversely, sex is especially difficult to estimate in 
juvenile remains (Lewis 2007).  This is because many sexually dimorphic features, both 
on the skeleton and the soft tissue, do not mature until during or after puberty (Baker et 
al. 2005).  To address this issue, many studies have sought to find a reliable method for 
the estimation of sex in juveniles.  These methods are based on the methods used when 
sexing adult skeletons (Loth and Henneberg 2001, Holcomb and Konigsberg 1995, 
Rogers 2009, Rösing 1981, Schutkowski 1993, Sutter 2003, Veroni et al. 2010, Vlak et al 
2008). However, the methods for juvenile sex estimation are still in their infancy, 
focusing mainly on morphological features such as greater sciatic notch shape, 
mandibular ramus flexure, and iliac crest shape. Recently, researchers have started 
investigating quantitative versus qualitative methodologies in juvenile individuals 
(Holcomb and Konigsberg 1995, Veroni et al 2010).  Thus far no method has shown to be 
as reliable as those used in adults.  In fact, the success rates vary widely between 30% 
and 80 or 90% (Loth and Henneberg 1996, Sutter 2003, Schutkowski 1993, Scheuer 
2002).  It is not considered possible at this time to accurately sex juveniles due to their 
lack of secondary sex characteristics such as ventral arc development, characteristics that 
are the basis for the methods and research found in adults (Komar and Buikstra 2008).  
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The Scientific Working Group for Forensic Anthropology (SWGANTH) considers sex 
estimation on remains younger than twelve years of age to be unadvisable.        
 Improved research in the area of juvenile sexing methodology is critical in the 
area of forensic science in general and forensic anthropology in specific.  Across the 
forensic sciences there has been a call for improved, objective methods over previous 
methods that do not stand up to scientific and legal rigor (Christensen and Crowder 2009, 
Grivas and Komar 2008).  Today any anthropological evaluation of evidence that comes 
into the courts must adhere to the standards set forth by Daubert (1993) for evidence 
which consists of the following: there must be general acceptance within the appropriate 
field, peer review, known error rates, testable and reproducible methodology, and the 
presence of standards (National Academies 2009).   
Between 2004 and 2009, three thousand nine hundred and thirty two juveniles 
under the age of 18 were homicide victims in the US (DOJ 2004-2009).  Of these it is not 
known how many were subject to anthropological examination, but because of the 
number of cases, it is a necessity that methodology be improved in terms of sex 
estimation of juveniles.  Based on the methods that have been published, it is considered 
unadvisable to attempt to estimate sex of young juveniles, though it may be attempted in 
those that are considered to be older juveniles, as they may have the characteristics that 
are seen in fully developed adults (SWGANTH 2010).  In a forensic case, the only option 
that may be considered to estimate sex is DNA analysis; this is based on the importance 
of the biological profile to a forensic case (Lewis 2007).  
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 The paucity of collections containing juveniles of known age and sex hinders the 
ability to develop methods; without these factors it is extremely difficult if not impossible 
to develop methods for juvenile sex estimation.  The collections that are available consist 
of small samples of limited population variety.  While a methodology may be presented 
in the literature, there is a high likelihood that the method will be population specific; 
population specificity cannot be gained in juveniles without collections that have the 
same representation as adults.  To overcome the limitations of modern physical 
collections, alternative sources of data should be considered.  The use of living 
populations offers an alternative source of research potential.  Imaging technology today 
three dimensional renderings of bone, including those of juveniles; this type of data is 
mainly gather and used in clinical studies (Alemán et al. 2012, Moore 2013).  This study 
will utilize clinical images for the purpose of anthropological data collection. 
The composition of collections can also pose an issue when developing accurate 
methodologies (Alemán et al. 2012).  The overrepresentation of one sex over another, 
makes it difficult to develop correct classifications.  In these cases, the method will more 
accurately classify the sex that is overrepresented (Milner and Boldsen 2012).  This 
scenario is especially true in collections of juveniles, who are preferentially deleted by 
taphonomic factors. (Gordon and Buikstra 1981, Humphries 2011.)  Within these 
collections, one sex may have higher numbers than others, which will affect the rates of 
accuracy produced by that collection.  This is an issue that is discussed in further detail 
within chapter four, specifically how this issue occurs within the study sample.        
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  While trying to improve morphological methods, many studies have begun to 
focus on and improve the more objective metric methods, which are easier to replicate 
and test.  In the paper Determination of Sex from Juvenile Crania by Mean of 
Discriminant Function Analysis (Gonzalez 2012), the author recognizes the need for an 
approved and accepted method of juvenile sex identification.  This need is based in the 
rise of juvenile death, particularly by homicide.  The paper proposes that using 
craniometric measurements in conjunction with discriminant function analysis can be 
used to estimate sex from juvenile crania.  As part of this study the author tested which 
measurements are best for sex estimation.  
The present study seeks to replicate and validate this method, discussed in length 
in chapter three, in addition to updating the method through the use of medical imaging 
technology.  It is hypothesized that sexually dimorphic features will be present 
throughout neurocranial and craniofacial development and according to age group.  
Finally it is likely classification rates will improve with biological age of the individual.       
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CHAPTER 2:  PREVIOUS RESEARCH 
 The following section is a review of the previous literature concerning the 
estimation of sex in adults and juveniles.  The first section of this chapter concerns adult 
methodology while the second section concerns juvenile methodologies.  Each section is 
the broken down into subgroupings discussing the os coxa, the cranium, and post cranial 
elements and their utility for estimating sex.      
Adult Sexing Methods 
 
Os Coxa: Non-metric Methods 
Scientists have been developing and improving upon the methods used to 
determine aspects of the biological profile for decades.  In 1878, Thomas Dwight 
published on of the first papers on the use of the skeleton as a means of identification 
within a medicolegal setting (Ubelaker 2009).  A key element of the biological profile is 
sex estimation.  In adults, the most accurate bone used to estimate sex is the os coxae, 
with sex estimation accurate up to 98% (Buikstra and Ubelaker 1994).  Sex differences 
have been observed on the os coxa from areas such as the greater sciatic notch, 
preauricular sulcus, and the morphology of the ischiopubic ramus.  Sex differences have 
also been visually observed within the shape of the os coxa in general between males and 
females, differences which are related to the process of the parturition, which requires an 
unobstructed birth canal through the os coxa, and morphological differences seen in the 
sacrum between males and females. 
Phenice (1969) developed a method for sex estimation from the pubis that is 
frequently used today.  The study examined the morphology of the ventral arc, subpubic 
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concavity and ischiopubic ramus and its correlation with sex.  The ventral arc, which is 
an elevated ridge of bone on the ventral surface of the pubis, is present in females but not 
in males.  The subpubic concavity, the lateral curvature of the ischiopubic ramus, is also 
only present in females.  Finally the ischiopubic ramus is seen to be pinched in females, 
where in the male the surface, near the inferior portion of the symphysis, is broad and flat 
(Figures 2.1 and 2.2).  Phenice found that the correct predicative rate of this method was 
between 94 and what he claims is 100%, though today a success rate of that magnitude 
would be suspect. 
 
Figure 2.1. Phenice Traits of Ventral Arc, Subpubic Concavity and Ischiopubic 
ramus flexure; Female.  
 
 
Figure 2.2. Phenice Traits of Ventral Arc, Subpubic Concavity and Ischiopubic 
ramus flexure; Male. 
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In addition to the pubic region, the ilium also contains features that are considered 
to be sexually determinate.  The greater sciatic notch, scored on a scale of one to five 
with one being female and five being male, is often used in conjunction with other 
aspects of the os coxa (Stewart 1954, Buikstra and Ubelaker 1994, Walker 2005). 
According to this method a wide greater sciatic notch it is considered to be female, while 
and tall and narrow greater sciatic notch is considered male (Figure 2.3).  Likewise, the 
preauricular sulcus is also used to sex from the os coxa (Figure 2.4).  The preauricular 
sulcus is graded on a scale of zero to four.  Zero or the lack of the preauricular sulcus 
indicates male, while one to four is a range of distinctions indicating female based, this 
scale is based on how long and narrow the sulcus is.  There is debate over the validity of 
these features when used on their own, due to overlap in the sexes in modern populations 
due to secular change (Rogers, 2009).  
 
Figure 2.3. Greater Sciatic Notch (double arrow) and Preauricular Sulcus(single arrow); 
Female 
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Figure 2.4. Greater Sciatic Notch (double arrow) and Preauricular Sulcus (single 
arrow); Male. 
 
 Kelley (1979) examined fragmented skeletal remains and the specific use of the 
os coxa in estimating sex in these types of remains.  The author examined the predictive 
nature of the sciatic notch and acetabular index when found in conjunction with 
fragmented skeletal remains, including when the os coxa itself is fragmented.  The author 
states that while the Phenice method presents the best classification rate, it assesses the 
most delicate portion of the os coxa, and therefore cannot always be relied upon in the 
estimation of sex. Examining other methods using the os coxa for sex estimation, Kelley 
found that when using the greater sciatic notch and the acetabular index, the predictive 
nature is 90% accurate, compared to the 94-100% accuracy rate of the Phenice method.           
Bruzek (2002) examined the os coxa as a whole to determine which features if 
any were more useful in the estimation of sex.  The author examined the preauricular 
sulcus, greater sciatic notch, composite arch (relation between the outline of the sciatic 
notch and the outline of the auricular surface), and the ischiopubic ramus with the aim of 
proposing a new visual method for sex estimation in an effort to reduce observer 
subjectivity.  Subjectivity is an issue when determining sex based on the visual aspects of 
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a bone versus metric.  He found that when using the whole os coxa and all of the features 
listed within his paper, the accuracy rate of predicting sex was 98% with a 2% 
misclassification rate.  A point brought up within his paper is that accuracy improves 
when using the whole bone, rather than a fragment, an issue which he addresses.  Bruzek 
found that when using a fragmentary bone, the accuracy rate ranges from 60-80%. 
Os Coxa: Metric Methods 
 In addition to non-metric methods, which consist of visually assessing features 
correlated to sex estimation, researchers have also developed metric methods for 
estimating sex from the os coxa.  In comparison to non-metric methods, metric methods 
are objective and utilize other factors besides visual assessment.  These factors include 
various measurements or differences in shape or size when analyzed using geometric 
morphometrics.  The caveat to these type of methods is that there is a certain level of 
subjectivity where certain landmarks on the os coxa are, so establishing reliable 
methodology is difficult when using certain measurements.  
Rissech et al. (2003) assessed the utility of using morphometric analysis to 
evaluate the correlation between the ischium and sex estimation.  The study examined the 
ischium length, vertical diameter of the ischium acetabular surface, horizontal diameter 
of the ischium acetabular surface, and the ischium acetabular index.  The data was 
analyzed using an ANOVA in a statistical package.  The results showed that ischium 
length as well as vertical and horizontal diameters of the ischium acetabular surface, 
when using morphometric analysis, can be used to estimate sex.  In addition the authors 
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suggest that these measurements may be useful in the sex estimation of juveniles, though 
further research is required. 
Bytheway and Ross (2012) examined shape differences between male and female 
os coxa by means of geometric morphometric analysis.  The sample used consisted of 
200 European American and African American os coxae from the Terry Collection.  
Thirty six measurements were recorded using a Microscribe® 3D digitizer (Revware, 
Raleigh, NC) and analyzed using a generalized Procrustes analysis in order to bring all 
specimens into a common coordinate system.  A MANCOVA was performed whether or 
not there were significant size or shape differences between males and females.  
Additionally a discriminant analysis was used to establish a classification rate of this 
method.  The authors found that all groups showed significant size and shape differences 
and that European males and females and African American females had a classification 
rate of 98% while African American males had a classification rate of 100%.   
Similarly, Bilfeld et al. (2012) utilized geometric morphometric analysis to 
examine sexually dimorphic shape differences between the sexes.  The authors utilized 
65 os coxae from a European population.  Fifteen osteometric landmarks were recorded 
using multislice computed tomography scans; this data was then analyzed using 
geometric morphometric analysis, which examines shape differences between individuals 
to determine if shape differences exist between males and females.  The study found that 
while all areas of the os coxa are sexually dimorphic, that a hierarchy exists in terms of 
which portions are the most sexually dimorphic.  The most sexually dimorphic areas of 
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the os coxa based on the results of this study are the modified pubis, ischiopubic complex 
and the iliopubic complex (Figure 2.5).  
 
 
Figure 2.5. Landmarks and features of the os coxa (Bifeld et al. 2012) 
 
Cranium: Non-metric Methods 
Methods in determining sex using the cranium evolved out of the evaluation of 
traits that could be assessed visually from the skull, also called non-metric traits.  The 
cranial features commonly evaluated include the length of the mastoid process, 
robusticity of the nuchal crest, sharpness of the superciliary arch, prominence of the 
glabella, and the shape of the mental eminence.  These are all scored on a subjective scale 
of one to five, with one representing female and five representing male (Acsadi and 
Nemeskeri 1970).  These aspects of the cranium are best when used collectively (Buikstra 
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and Ubelaker 1994).  Study of these features, as well as others, have driven the analysis 
of the skull and its correlation to sex. 
Giles and Eliot (1969) used discriminant function analysis to examine the 
accuracy of using the crania in sex estimation; it was one of the first studies to use 
discriminant function analysis to evaluate sex estimation from the cranium.  The authors 
examined male and female crania of both white and black individuals.  They looked at 
several aspects of the crania including maximum cranial length and height, bizygomatic 
diameter, and mastoid length to name a few.  The use of discriminant function analysis 
showed the correlation between an independent and dependent variable; the analysis then 
created a formula within which future measurements could be inserted in order to 
estimate the sex.  Within the study the authors had an accuracy rating of 82-89%.  While 
there was a difference between the two ancestral groups present it was quite small. 
Konigsberg and Hens (1998) evaluated the five point ordinal scoring system by 
examining the posterior probabilities of sex conditional on observed indicators.  The 
authors found that the posterior probabilities only operate under certain conditions.  In 
lieu of this method the authors suggest using a multivariate model.  They did this on 138 
crania from middle Tennessee from the Late Mississippian period.  They scored the 
standard criteria of the supraorbital margin, superciliary arch, shape of the chin, size of 
the mastoid process, shape of the supraorbital margin and the nuchal crest (Figure 2.1).  
By computing a multivariate analysis, the authors achieved a 81% accuracy rating.  Using 
a cumulative probit model, the accuracy rate increased to 83%.   
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Figure 2.6. Five Point system for the Crania. (Buikstra and Ubelaker 1994) 
 Graw et al. (1999) examined the supraorbital margin of modern human skulls and 
evaluated the reliability of this feature as a criterion for sex.  The authors made plaster 
casts of the supraorbital margins of 108 known sex skulls and then cut the casts and in the 
sagittal plane and looked at the cross section of the margin.  They then graded the casts 
on a scale of one to seven, in which one was most male and seven was most female.  
Grade four was reserved for the undetermined.  Using this method with only the 
supraorbital margin as the criterion, the accuracy rate was only 80% correct.  This 
accuracy rating would probably increase with the inclusion of other areas such as the 
mastoid process or glabella. 
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Gulekon and Turgut (2003) examined whether or not the external occipital 
protuberance can be used on its own to accurately estimate sex.  The study was conducted 
in two parts.  In the first part the authors examined 1000 lateral radiographs, evenly 
distributed over sex, of individuals who had been evaluated for illnesses.  The average 
age for females was 36.3 years and for males it was 38.7 years.  The external occipital 
protuberance was graded on a 3 point scale, with a value of one representing a smooth 
external occipital protuberance, two a protuberance with a crest, and three a protuberance 
with a spine.  In the second part, the authors examined 694 dry skulls from a 16
th
 century 
Anatolian population.  Results of this study showed that females were five times more 
likely to show a score of one, while males were three times more likely to be scored at a 
three when looking at the radiographs.  Examination of the historic skulls, the females 
were four times more likely to have a smooth protuberance than males, while males were 
found to have a spine or score of three six times more often than females.  The authors 
conclude that while the external occipital protuberance can be an indicator of sex, it 
should not be relied upon on its own.  In general, a smooth external occipital 
protuberance is indicative of female, and an external occipital protuberance in a male will 
exhibit a spine.     
Rogers (2005) also examined cranial morphology as a method for determining 
sex.  The purpose of this study was to provide qualitative data, an area within the field 
that is in constant progress.  She examined 17 commonly used features of the skull used 
for the estimation of sex.  The author used 46 known sex skulls from a 19
th
 century 
cemetery.  She found that the nasal aperture, zygomatic extension, malar size, and 
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supraorbital margin proved to be the most useful in determining sex.  Intraobserver error 
was 12.2%.  There was an overall accuracy of 89.1%.  The author used skulls within 
three age categories and found that there was no significant difference between the age 
categories.   
Walker (2008) tested the accuracy of the use of these features via the use of 
discriminant function analysis.  The Hamann-Todd Collection, Terry Collection, and the 
collection from Saint Bride’s Church in London, were used within this study.  When the 
inter/intra observer error was analyzed, 50% or more of the observers agreed with each 
other when independently scoring.  When analyzing the traits through a univariate 
analysis, Walker (2008) found that the traits achieved an accuracy rate of 69-83% and 
89% in a multivariate analysis.  Walker also found that there are population differences 
within these traits.  Overall Walker found that sex estimation using visual methods was 
comparable to that of methods using craniometrics when analyzed through discriminant 
function analysis. 
In addition to the neurocranium and the viscerocranium, some authors have 
examined the mandibular ramus flexure for signs of sexual dimorphism.  Loth and 
Henneberg (1996) examined the flexure of the ramus as it is connected to sex.  Based on 
this article females are said to not have a flexure of the ramus, while males do.  The study 
conducted by the authors was conducted to test the accuracy of this feature for sex 
estimation.  In an African sample, the authors found a 99% correct classification, while in 
a mixed White and African sample there was a 94% correct classification.  Some 
validation studies of this method showed that the rate of correct classification was much 
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lower than what the original authors showed.  Haun (2000) showed that the correct 
classification was only 78.2%, and when the measurements were compared with another 
population, the classification rate dropped even lower to 67.2%.  Hill (2000) also showed 
that the correct classification rate was much lower than originally states with only 64.7% 
correct classification.  Some caveats to these validation studies were the populations 
used, as Haun used a collection from the late fifth to the early second millennium BC.  
Hill only used 17 mandibles.  These two studies at least show that using the mandibular 
ramus flexure method does need more validation. 
Cranium: Metric Methods 
Metric methods have been used to provide a quantitative basis for methods and 
regions that had previously been examined qualitatively.  Methodology has included both 
craniometric studies as well as geometric morphometric studies.  Craniometric studies 
evaluate the correlation between various interlandmark distances of the cranium and sex 
while geometric morphometrics examine the correlation between size and shape of the 
cranium and sex   
Pretorius et al. (2006) completed a study on the use of geometric morphometrics 
in the assessment of sex.  The authors examined the shape of the greater sciatic notch, 
mandibular ramus flexure, and the shape of the orbits, comparing the results of the three 
features.  Using a digitizer the authors plotted multiple points from the bone and 
conducted a canonical variate analysis.  The greater sciatic notch performed the best out 
of the three, though the orbit shape performed better than the ramus flexure.  The use of 
geometric morphometrics provides a way to quantify that which is observed visually 
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versus metrically and therefore makes the method more acceptable in the scientific and 
legal fields. It is also a valuable tool for assessing sex differences that might not be 
immediately apparent. 
Kimmerle et al. (2008) completed a geometric morphometric analysis of the 
craniofacial area using a modern American population from the William M. Bass 
Donated Skeletal Collection consisting of both American white and black individuals of 
both sexes.  The authors mapped out 16 standard craniometric points using a 
Microscribe-3DX digitizer (RevWare Inc., Raleigh, North Carolina).  The data gathered 
was analyzed using a multiple analysis of covariance (MANCOVA).  This analysis tested 
shape differences as a function of sex and size.  The authors found that sex has a 
significant effect on shape for both American whites and blacks, whereas size had a little 
effect on shape meaning that skulls of different sizes where found to have statistically the 
same shape.  There was also a consistency between the two ancestral groups, which 
suggests that population differences in sexual dimorphism may result more from human 
variation than variance in craniofacial morphology. 
Veyre-Goulet et al. (2008) published a study examining sexual dimorphism by 
plotting craniometric points on lateral radiographs and analyzed the results with 
discriminant function analysis.  The authors used the radiographs of 114 dry skulls. They 
analyzed 18 variables including measurements and angles present in the skull.  Using this 
method there was a 95% accuracy rating.  They conclude that while in this instance the 
method proved to be a good method, further study is needed in terms of population 
differences. 
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 Gapert et al (2009) examined the occipital condyle of 146 individuals from the St. 
Bride’s Church Collection aged 18-91.  They measured the maximum length and width of 
the condyle, maximum bicondylar width, minimum bicondylar width, maximum 
hypoglossal canal distance and maximum distance between the articular surfaces of the 
condyles.  The authors found that there were statistically significant differences in the 
measurements between males and females, though the differences were not as great as 
those results seen in other studies conducted on American and Turkish samples (Gapert et 
al. 2009.  This study exhibited a correct accuracy rate of 69-76.7% for sex estimation 
when using this method. 
Post Cranial Methods 
 The following section is a review of methods of sex estimation from post cranial 
elements.  Recently discussion and research has spread to the examination of the post 
crania to look for sex differences.  This research addresses the need for more methods to 
determine the biological profile form fragmentary remains.  In forensic and 
archaeological fields, remains are not always intact, increasing the necessity for 
alternative methods for assessing the biological profile (Komar and Buikstra 2008).  Due 
to this, current research has spread to the applicability of post-cranial elements for 
estimating sex in adults. 
 The most recent work on this subject was authored by Spradley and Jantz (2011).  
They used 704 crania and 639 individuals for the evaluation of the post crania.  The 
population consisted of both American white and blacks from the Forensic Data Bank 
housed at the University of Tennessee Knoxville.  The authors took standard 
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measurements of the postcranial elements present and input the data into a statistics 
package.   They performed an ANOVA as well as discriminant function analysis.  The 
ANOVA tests reveal that significant difference exist between both ancestral groups as 
well as between sexes.  The discriminant function analysis revealed that there was an 
overall classification rate of 93%, while the classification rate for the crania was 90%, 
while the classification rate of the post crania was 92 to 94%.  This finding is interesting 
within the field of forensic anthropology, as it is commonly held that the cranium is 
second only to the pelvis in sex estimation; the results presented within this study 
contradict this.  This study presents a new avenue of research in terms of validation and 
testing population differences within modern populations.   
 Vance et al. (2011) tested the utility of the distal and posterior humerus for sex 
estimation.  The population used consisted of 608 individuals (420 men and 188 women) 
from South Africa.  The study examined olecranon fossa shape, angle of the medial 
epicondyle, and trochlear extension (how the trochlea extends past the capitulum).  The 
authors used a five point scoring system with one representing male and five representing 
female.  The values of each of the three features added to make a composite score; closer 
to zero indicated male, while a score closer to 15 indicated female.  Results show that in 
isolation, the angle of the medial epicondyle was the most accurate trait with a 70% 
classification rate in males and 55% in females.  The olecranon fossa and trochlear 
extension had an approximately 50% accurate classification.  When the features were 
used in combination the males showed a 91% classification rate and females showed a 
75% classification rate.  The differences seen may be due to different patterns of use. In 
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general, the classification rate is only moderately accurate.  Taken in conjunction with the 
discussion postulated by Spradley and Jantz (2011), it is clear that further research is 
needed in terms of using the post crania for sex estimation across populations. 
Juvenile Sexing Methods 
The study of juvenile sexing methods mimics those of adults.  Researchers have 
examined many of the same areas that have previously been studied in adults including 
the os coxa, the skull, and various post-cranial elements.  These studies are conducted 
under the hypothesis that if these areas show sexual dimorphism within adults, they may 
also show sexual dimorphism in juveniles.  This has been indicated with varying degrees 
of success. Other studies show that the sexual dimorphism is only slight when compared 
to adults.  This situation raises the question if this course of research, mimicking juvenile 
methods off of those used in adults, is the best direction for current research.  Due to the 
variability present within the results of these studies, there is no accepted methodology 
for the sex estimation of juveniles, with many researchers and practitioners deciding not 
to estimate sex at all due to the lack of methodological accuracy (Komar and Buikstra 
2008).  The lack of reliable methodology is explained by the lack of secondary sex 
characteristics that appear begin to appear around the time of puberty.  While differences 
may exist skeletally as well as chemically, there is not an approved methodology at this 
point. (Lewis 2007).   
Os Coxa: Non-metric Methods 
 In adults, the os coxa has been shown to have the greatest sexual dimorphism 
within the human skeletal system and therefore is a common element that is examined in 
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research concerning sex estimation in juveniles.  Mittler and Sheridan (1992) examined 
58 ilia of known sex, ranging from birth to 18 years.  They examined the elevation of the 
auricular surface, where females have an elevated auricular surface and males do not.  
The authors found that the method proved best at sexing males with an overall correct 
classification rate of 85.3%, though it was only slightly better than chance in correctly 
classifying females with a rate of 58.3%.  The method was found to improve with age, 
though like in adults, this method should only be used as anecdotal evidence for sex 
estimation.  An interesting point that the authors made was that in infancy and early 
childhood, the auricular surface morphology conforms to the male pattern, and that this 
method was most effective in children beyond the age of nine. 
 Vlak et al. (2008) examined the greater sciatic notch in juveniles through a 
morphometric analysis.  The authors took measurements of the notch depth, breadth, 
angle, and the maximum ilium breadth and length.  Their sample consisted 56 juveniles 
aged birth to 12 (females) and 15(males).  The authors used the methods of  Schutkowski 
(1993, see page 27), and found that the results showed no statistical differences.  They 
then used metrics to describe the sciatic notch.  Using this method they also found that no 
statistical significance existed for sexual dimorphism within this sample.  The authors 
suggest that this may be due to population differences between their sample and the 
population used by Schutkowski.  They did find that there was a strong linear relationship 
between age and overall size of the os coxa, with the depth of the notch increasing with 
age.  
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Os Coxa: Metric Methods 
 In addition to non-metric methods, researchers have also endeavored to produce a 
reliable metric method for sex estimation from the juvenile os coxa.  Much of the 
research is similar to adults, examining size and shape differences, as well as, various 
features that have shown sexual dimorphism in adults such as the greater sciatic notch 
and the composite arch. 
 Holcomb and Konigsberg (1995) took a statistical approach to the study of 
whether or not sexual dimorphism exists within fetal sciatic notch, a morphological 
feature that is often examined in order to estimate sex in adults, though today there is 
debate over the accuracy of this methodology due to secular change.  The authors 
digitized 133 fetal ilia from the Trotter Collection at Washington University and 
coordinates were assigned and analyzed.  The results showed that there is significant 
sexual dimorphism within the fetal sciatic notch at the anterior and posterior location of 
the maximum depth, but that the depth itself is not diagnostic of sex.  In other words,  
males the maximal depth is located more anteriorly while it is more posterior in females; 
a caveat to this is that this location of maximal depth can be affected by the size of the 
notch itself.  In adults the depth to width ratio is a good indicator of sex, this is not the 
case within fetal remains.  The authors suggest that the maximal depth may be a better 
indicator of sex in older juveniles. 
 Similarly, Wilson et al. (2008) utilized geometric morphometric methods to study 
the shape differences between the juvenile male and female ilia.  The study utilized 25 
juvenile ilia from the collection at Christ Church, Spitalfields, London.  Utilizing image 
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analysis software, shape differences were analyzed for various features of the ilium 
including the greater sciatic notch shape and size, curvature of the iliac crest, and 
auricular surface morphology.  The results of this study found that the shape of the 
greater sciatic notch was the best predictor of sex; 96% of the individuals used were 
correctly classified using this feature.  The study also found that the sex of males was 
identified more accurately than females.   
Cranium: Non-metric Methods 
Similarly to adults, researchers have also examined the juvenile cranium for 
features that are reliably sexually dimorphic, using both non-metric and metric methods. 
Molleson and Cruse (1998) examined the skulls of 20 juveniles, ages one to 
fourteen years.  They examined the morphology of the orbit as well as the angle and 
shape of the mandible, features that are sometimes used when determining sex of adults.  
The authors found that when utilizing these metrics, sex was correctly inferred in 78% of 
the cases.  So while this study does show that sexual dimorphism is present within this 
age range, these particular features may not be adequate on their own for determining 
sex.  This sample was not ideal due to the size, which is a common issue in many studies 
due to the lack of known juvenile samples within research collections. 
 Loth and Henneberg (2001) continued their research of the morphological 
features of the adult mandible and applied them to juvenile mandibles.  They examined 
the morphological features of the ramus flexure, the shape of the lateral body, and the 
symphyseal base shape, which correspond to features that are studied in adults.  The 
mandibular ramus is an anterior flexion of the vertical ramus where the presence of a 
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flexure indicates male while the lack of flexure indicates female.  Their sample consisted 
of 62 juveniles, ages birth to nineteen years from the Dart Collection.  With the use of 
three observers, they found that they had a 81% accuracy rating overall using these 
features.  Like with their study in adults, the study was validated by others, in particular 
Scheuer (2002).  She used a collection of known sexed juveniles from the Spitalfields 
Collection in London.  She examined 36 mandibles, aged five months to approximately 
five years. This study produced a 64% accuracy rating and found that estimating sex in 
males was more accurate than in females.   The findings are confounded by the small 
sample size which consisted of 27 males and only 9 females.  This suggests that the 
method would be more accurate in males. 
Cranium: Metric Methods  
In addition to non-metric methods for estimating sex from the juvenile cranium, 
researchers have also examined the cranium for metric indicators of sexual dimorphism.  
These studies have examined size and shape variance of the entire as it is related to 
sexual dimorphism as well as individual features such as the foramen magnum size and 
occipital condyle size. 
Baughan and Demirjan (1978) state that the brain has attained 90% of its growth 
by the age of six and 95% by the age of ten, while the post crania has only attained 40% 
of its adult size.  This suggests that by these young ages, the crania might show some 
sexual dimorphism due to the fact that it has nearly reached its adult size as the growth of 
the brain will dictate the growth of the crania itself in addition to other factors.  The 
authors examined a growth study to further investigate these claims.  The study found 
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that sexual dimorphism in growth patterns are present from an early age and that females 
have a smaller cranium in general and in relation to stature compared to males.   
Bulygina et al. (2006) also investigated sexual dimorphism within the 
development of the crania, specifically the anterior neurocranium, viscerocranium, and 
the basicranium.  Their results care derived from the analysis of a longitudinal growth 
study of fourteen females and fourteen males.  They found that sexual dimorphism exists 
from an early age and remains for the rest of development but that the nature of the 
differences changes over times.  The authors found that four criteria contribute to sexual 
dimorphism in juveniles: differences in shape, differences in the association between size 
and shape, male hypermorphosis, and difference in the trajectory of male and female 
growth.  The authors found that there is a low correlation between newborn and adult 
morphology, while slightly older juveniles do show a high correlation with adults.  Based 
on this, it could be rationalized that within the first few years of life there will be 
significant sexual dimorphism to estimate sex in juveniles. 
In contrast to the two previous studies, Weber et al. (1992) determined that sexual 
dimorphism doesn’t occur until around the age of 14.  The study, which consisted of a 
growth study, showed that female faces grow within the horizontal plane i.e. they become 
longer, while males grow in the vertical plan or become taller.  The authors also found 
that after the age of 14, growth in females remained at a constant rate, while in males it 
increases. 
Veroni et al. (2010) examined the sexual dimorphism of the foramen magnum and 
the occipital condyles of the juvenile basicrania of 36 juveniles from the Lisbon 
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Documented Collection.  The basicrania is fused by age 8 and for this reason the authors 
examined the basicrania of seventeen females and nineteen males ages eight through 
nineteen.  The authors found that generally, all dimensions were bigger in males and that 
there was a statistically significant difference between the sexes.  There was a correct 
classification rate of 75.8%.      
Dentition 
In addition to the previous studies which look at some standard features for sexual 
dimorphism, some researchers have also looked to the deciduous teeth for signs of sexual 
dimorphism.  De Vito et al. (1990) examined the crown size of deciduous teeth and 
analyzed the results using discriminant function analysis to assess whether or there was a 
statistical difference between males and females.  The authors measured the labial-lingual 
and mesiodistal diameters of all deciduous teeth plus the first permanent premolar of 162 
juveniles from a growth study.  The authors found that there were statistically 
significantly differences between males and females. There was a 76-90% correct 
classification rate using these measurements, dependent upon which tooth was used.   
Deciduous teeth were also considered by Rösing (1981).  The author examined 
four measurements of the crown of teeth of an adult Egyptian population.  He found that 
there was a 97% correct rate in the adults.  The author stated that because the correct 
classification rate was so high, that it could be assumed that the same methodology would 
produce similar rates of correct classification in juveniles, though this could not be tested 
as the sample used had very little known juveniles.  Further study is clearly needed within 
this population to assess the validity of the author’s claims. 
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Post Cranial Methods 
While post-cranial elements in adults have been examined for sexual dimorphism, 
this same research has not extended greatly into the juvenile age group as many believe 
that the sex estimation in juveniles cannot be made. Despite this debate, some research 
has occurred. 
 Rogers (2009) examined the distal humerus for indications of sexual dimorphism 
in juveniles, research which can be seen in adults in the research completed by Vance et 
al. (2011).  This work is a continuation of the work by the author examining sexual 
dimorphism of the distal humerus in adults, which the author found existed with a 92% 
accuracy rate.  This study examined the distal humeri of 42 juveniles, aged 11-20.  The 
author examined the left humeri, examining the trochlear constriction, trochlear 
symmetry, olecranon fossa depth and shape, and the angle of the medial epicondyle.  
Using these features, the author produced an accuracy rate of 81%.  The advanced age of 
these juveniles was used to the fusion of the trochlea occurring at this time. 
Stull and Godde (2012) examined the humerus and femur of juveniles for 
indicators of sex.  Using the radiographs of 85 femora and 45 humeri from individuals 
aged birth to one year, the authors various measures of length and breadth of the bones 
from the radiographs using tpdDig software (Rohlf 2010).  The data collected was 
analyzed using discriminant function analysis.  The results indicate that when analyzing 
the group as a whole, there is a 75% correct classification rate demonstrating that it is 
possible to estimate sex from the humerus and femur of individuals within this age group              
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Dual Studies  
 In addition to studies that examined a single element for indicators of sex in 
juvenile remains, some researchers have also produced research looking at multiple 
features, most commonly the cranium and the os coxa.   
Schutkowski (1993) examined both the mandible and the juvenile ilium for 
indications of sexual dimorphism.  In his study of the mandible Schutkowski looked at 
the chin, gonial angle, and the shape of the anterior dental arcade, features which were 
later examined by Loth and Henneberg as well as others.  Within the ilium, Schutkowski 
examined the angle and depth of the greater sciatic notch, the arch criterion, and the 
curvature of the iliac crest.  The sample used was from the Spitalfields collection and 
consisted of 37 males and 24 girls between birth and eleven years of age.  His results 
showed that there was a difference between sexes within the ilium as well as the 
mandible.  Sex can be successfully estimated in 70-90% of the cases depending on which 
feature is used.  The author also states that these sexually dimorphic differences can be 
seen as early as birth. 
 Sutter (2003) also examined nonmetric traits previously used to test their 
accuracy.  The author examined eight previously used nonmetric traits found within the 
2001 article by Loth and Henneberg as well as the 1993 article by Schutkowski.  The 
sample used 85 pre-Colombian mummies of known sex from Chile, aged birth to 15.  
The study found that while there is sexual dimorphism seen using these features, there is 
variation when correlated to age and the strength of the sex related associations.  Except 
for the gonial angle, all of the features showed statistical significance in terms of sexual 
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dimorphism.  After this consideration only four of the features showed accuracy rates that 
would be considered acceptable by the field.  These features include the arch criterion, 
angle of the sciatic notch, depth of the sciatic notch, and the mandibular arcade shape.  
For those individuals aged birth to five, only the depth of the sciatic notch and the arch 
criteria were found to be suitably acceptable in levels of accuracy.   
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CHAPTER 3: ORIGINAL STUDY 
The Determination of Sex from Juvenile Crania by Means of Discriminant Function 
Analysis (Gonzalez 2012) 
Background 
 The doctoral thesis The Determination of Sex from Juvenile Crania by Means of 
Discriminant Function Analysis by Dr. Richard Gonzalez (2012) was the inspiration for 
the present study.  The purpose of his study was to address a gap in the literature 
concerning the methods available for sexing the juvenile skeleton.  As stated earlier, at 
this point in time there is no accepted method for sexing the juvenile skeleton, and it is 
often stated that prepubescent skeletons do not have sexual dimorphism distinct enough 
to claim a difference between the sexes of juveniles (Komar and Buikstra, 2008).  The 
juvenile skull was chosen as the basis for the current study as well as the study conducted 
by Gonzalez due to the early developmental maturity of the element (Baughan and 
Demirjan 1978, Guihard-Costa and Ramirez-Rozzi, 2004).  
Methods 
 In the study, Gonzalez (2012) used 600 lateral cephalometric radiographs of 
juveniles ages five to sixteen, equally distributed between sex and age.  The sample was 
derived from a longitudinal study turned cross-sectional study of juveniles of European 
descent.  The radiographs were acquired from the Department of Orthodontics at the 
University Of Michigan School Of Dentistry.  Twenty measurements (Table 3.1) were 
made using eight different points (opisthicranion, basion, bregma, nasion, glabella, sella, 
posterior nasal spine (PNS), and prosthion) on the skull (Figure 3.1).  When a radiograph 
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is taken, the image is enlarged and is therefore not in natural size; if measurements are 
taken from this image the measurements need to be converted to reflect the actual size of 
the feature being radiographed.  Therefore, Gonzalez had to account for the enlargement 
of the images and used a formula to convert them into natural size, so that when entered 
into a statistical package the results would be based on a computed natural size.  The 
individuals were organized by age cohort, i.e. 5-6 years, 7-8 years etc.)  Gonzalez (2012) 
utilized the Statistical Package for the Social Sciences (SPSS), to analyze the data using 
canonical correlation and discriminant function analysis, which will be described in detail 
below.  In brief the canonical correlation derives which measurements have the most 
strength in terms of sexual dimorphism within the particular measurement.  The 
measurements that showed the greatest strength were then analyzed using discriminant 
function analysis, which determines how well the measurement will predict sex.   
 
Figure 3.1. Tracing of the craniometric points. (Gonzalez 2012) 
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Table 3.1-Original Variables used by Gonzalez 
 
Variables Description 
GOL 
NOL 
NBL 
BOL 
OBL 
BBL 
BPL 
BNL 
BSL 
NSL 
NPL 
PBL 
PPL 
PNL 
SPL 
PSL 
SGL 
SOL 
OPL 
PBR 
Glabella-Opisthicranion 
Nasion-Opisthicranion 
Nasion-Bregma 
Bregma-Opisthicranion 
Opisthicranion-Basion 
Basion-Bregma 
Basion-Prosthion 
Basion-Nasion 
Basion-Sella 
Nasion-Sella 
Nasion-Prosthion 
PNS-Basion 
PNS-Prosthion 
PNS-Nasion 
Sella-PNS 
Prosthion-Sella 
Sella-Glabella 
Sella-Opisthicranion 
Opisthicranion-Prosthion 
Prosthion-Bregma 
 
Results 
 Gonzalez’ study showed that within the five to six age cohort there was a 
classification rate of 78% correct classification rate, which upon validation dropped to 
74%.  In the seven to eight age cohort, the correct classification was 80% which dropped 
to 78% after cross validation. The correct classification rate for the nine to ten age cohort 
was 82%, which dropped to 79% after cross validation.  Correct classification in the 
eleven to twelve age cohrt was 78% which then dropped to 72% after cross validation.  In 
the thirteen to fourteen age cohort, the correct classification rate was 83% which dropped 
to 78%.  The final age cohort, fifteen to sixteen, the correct classification rate was 89% 
which dropped to 85%.  As can be seen, the correct classification before and after cross 
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validation, increases as age increases.  This correlates with the biological fact that as 
juveniles age and go through puberty, secondary sex characteristics emerge, revealing a 
more extreme sexual dimorphism.  His study also shows that females have an earlier 
completion of growth, while complete male growth will occur much later.  Gonzalez 
finds that the neurocranium has the most sexually dimorphic differences versus the 
viscerocranium during the juvenile period, which Gonzalez defines as before puberty.  
Post-puberty, this switches, with the viscerocranium becoming more sexually dimorphic; 
this is due to the emergence of the secondary sex characteristics.      
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CHAPTER 4:  METHODS 
 This study intends to validate and extend the study produced by Gonzalez (2012).  
The present study used measurements from the crania of juveniles to assess the 
correlation between those measurements and the estimation of sex.  Canonical correlation 
discriminant function analysis is being used to assess the correlation between the 
measurements and sex of the individuals.   
Computed Tomography  
 This study was completed using 351 computed tomography (CT) images of the 
crania of juveniles (Table 4.1).  These images were distributed over both sexes and within 
the age range of 3-16.  These images were acquired from the Boston University School of 
Medicine Department of Radiology.  The images were retrieved by a resident within the 
Department of Radiology, Dr. Yuming Chang.  Since this study used retrospective 
clinical data, the study was subject to approval of the Boston University Institutional 
Review Board.  The IRB application was filed under exempt status (IRB Protocol H), as 
there was no harm to the subjects nor was there any interaction with the subjects by the 
principal investigator.  In addition to CT images, this study required the age and sex or 
each individual; no identifying features or data were needed.  An arbitrary code was used 
to identify the individuals once input into OsiriX, and therefore all records were 
anonymous.  
The images were chosen randomly from a larger database based on age.  The 
scans were made anonymous with only the age and sex retained, and input into the 
database attached to the program OSIRIX (Rosset et al 2004). This program allows 
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viewing and manipulation of CT images in the form of Digital Imaging and 
Communications in Medicine (DICOM) images, and enables the measurement of images 
for the purposes of this study.  DICOM is a system used in hospital around the world to 
standardize files and images so that they can be transferred or retrieved using a number of 
different systems or computer programs used in medical facilities.  The DICOM system 
works in conjunction with Picture Archiving and Communication System (PACS).  
PACS is a program used to store medical images taken, and allows them to be shared 
when working in conjunction with DICOM (Hood and Scott 2006; Rosset et al 2004; 
DICOM 1983).  
Table 4.1- Sample Population before exclusion 
 
Age Groups Males (N=216) Female (N=135) Total (N=351) 
3-4 27 15 42 
5-6 30 20 50 
7-8 28 14 42 
9-10 26 11 37 
11-12 35 22 57 
13-14 27 23 50 
15-16 41 29 70 
17 2 0 2 
  
All data, sex and age information were maintained within a Microsoft Excel 
spreadsheet.  All scans were assigned an arbitrary number within the database that was 
attached to that individual’s age and sex information as well as the measurements 
collected from that individual.  The number code consisted of the author’s initials and a 
number, i.e. CP001.  When downloading the file, the file will contain various types of 
scans that were taken of the individual.  This simply means that when the image was 
taken, the radiologist may have taken the image under different formats, such as with the 
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slices being five millimeters wide or being one point two five millimeters wide.  In 
addition the image may have been calibrated for the soft tissue versus the bone.  The 
optimal option, one that was used most often in this study, was to use a one point two five 
millimeter bone scan.  When this was not used, the one point two five millimeter soft 
tissue scan was used.  Finally, when these two types of scans were not present, a basic 
head scan or a pediatric head scan was used.  These scans showed no difference in 
comparison to the one point two five millimeter scans.  It is important to understand 
which types of images are available as this will effect whether or not it is possible to take 
measurements from that individual.        
After the images and connected information were collected, the measurements of 
the crania were taken within OsiriX.  Calibrated measurements were taken from 
opisthicranion, basion, nasion, bregma, sella, posterior nasal spine, prosthion, glabella, 
euryon, auriculare, and zygion (Buikstra and Ubelaker, 1994).  Operational definitions of 
these locations and measurements taken are described in the following sections.  
Measurements were taken from sagittal and transverse sections of the crania.   
When the images are opened, contrast and brightness may need adjustment in 
order to see all of the points for measurement. This is done by selecting the contrast tool, 
which allows you to move the mouse over the screen, adjusting the contrast.  This can be 
done in all viewing options of the slides.  In order to take the measurements the slice used 
to measure from must be the most medial slice in order to get the true measurement.  
When the set of images was opened within OsiriX, the first image that was presented was 
most often already the most medial of the images.  When this was not the case, it is 
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possible to manually find the most medial slice.  If midline had to be found manually, 
identifying the most posterior projection where PNS occurs is a good indicator.  
In addition to the images occasionally not being in the most medial section when 
opened, approximately half of the sample was taken using a Gantry Tilt (GT).  The GT is 
an imaging technique that is used in order to reduce both radiation exposure and as a way 
to demonstrate the angle of approach in surgical fields (Halvorsen et al 1989).  In order to 
correct for the GT manually, the three dimensional multiplanar reformatting (3D-MPR) 
function was used.  This allows the user to see the sagittal, transverse and coronal planes 
of the image and manually correct for the GT.  The function makes use of cross hairs 
over the images, which are rotated and shifted in order to correct for the GT.  In addition, 
in order to see certain points for measurement, specifically zygion and auriculare, the 
maximum intensity projection (MIP) was increased. Increasing the MIP allows for 
multiple slices of the CT image to be seen together, allowing for a more complete image 
to form.   
To take the measurements for this study, all of the points were marked using a 
point function within OsiriX.  This step was performed to insure that all measurements 
were taken from the same location.  Each point of measurement was located on the CT 
image and then the point was placed over the location, with the central aspect of the point 
placed on the location of measurement.  Following the marking of all of the measurement 
locations within the CT scan, the point function was switched to a line function.  This 
function allows the user to click and drag a line from point to point.   
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As stated previously, the points were placed with their central aspect over the 
location of measurement, thus when placing the line for measurement, the line was 
placed on the central aspect of two points being measured.  Measuring in this way 
ensured that the measurements were taken in the same way every time, and that within 
each image that they were taken from the same location.  In addition to this method, a 
second method was used for those measurements that involved breadth, including 
maximum cranial breadth, bizygomatic breadth, and biauricular breadth.  When taking 
this measurement on a physical skull, spreading calipers are used to find the exact point 
of maximum or minimum breadth.  Within OsiriX, this process is translated into a digital 
version, whereby multiple lines are drawn to replicate the action that would be done to 
take measurements on a physical skull (Figure 4.1 and 4.2).  These lines are drawn until 
the correct measurement is found, i.e. the widest portion of the cranium. 
 
Figure 4.1-Measurement for Maximum Cranial Breadth, CP058. 
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Figure 4.2- Measurements for Bizygomatic Breadth and Biauricular Breadth using a 
multislice image, CP058. Multiple lines were used to function like a digital version of 
spreading calipers to find the widest or smallest area of breadth, based on which 
measurement was being taken. 
 
In addition to this method of taking the measurements for biauricular breadth and 
bizygomatic breadth, these measurements were taken using multiple CT scan slices.  This 
method allows for multiple slices of a scan to be digitally stacked on top of one another 
in order to better visualize the object being scanned.  Due to the thinness of the slices 
used for this study this method was utilized to accurately assess where auriculare and 
zygion were on the skull.  Without this method, it was very difficult to visualize the 
paired landmarks in the same slice.     
After each measurement was taken, it was entered into the database.  This step 
was repeated for every measurement within each individual and for every individual 
within the study sample.  Following the collection of all of the data, statistical analysis 
was run, which is described in a later section.   
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Criteria for Inclusion (Table 4.2) 
To be included within the study sample, no trauma could be present that would 
interfere with  or distort the measurements.  The exception to this was if there was only 
one measurement that was affected, than the individual would still be used and the value 
left blank for the measurement that was affected.  In addition, certain scans, when taken, 
used multiple different slice widths versus one slice width, which rendered the images 
unusable for the purposes of this study.  Finally due to computer error, certain files did 
not download into OsiriX completely, and the images needed for this study were not 
present. 
As stated previously, the individuals used within this study were juveniles 
between the ages of three and sixteen, distributed between both males and females.  
Based on this age range, two seventeen year old individuals were excluded and this study 
did not exclude based on ancestry.  In total, 23 individuals were excluded from this study 
due to the above reasons.  
Table 4.2- Individuals Included for Analysis 
Age Groups Males (N= 203) Female (N= 122) Total (N= 325) 
3-4 24 10 34 
5-6 29 17 46 
7-8 26 13 39 
9-10 22 10 32 
11-12 34 21 55 
13-14 27 22 49 
15-16 41 29 70 
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Definitions of the Craniometric Landmarks (Figure 4.3, Table 4.3) 
Listed below are the landmarks utilized within this study.  These are the 
operational definitions used in this study and from which the measurements were taken. 
All definitions are from Bass (2005), Buikstra and Ubelaker (1994), Enlow (1990), and 
Howells (1973 and 1989) 
Table 4.3. Craniometric Landmarks 
Code Landmark Definition 
au Auriculare The point of deepest incurvature at the root of 
the zygomatic arch. 
ba Basion The midline point on the anterior margin of 
the foramen magnum 
b 
 
Bregma The ectocranial midline point where the 
coronal and sagittal sutures intersect. 
eu Euryon The ectocranial points on opposite sides of the 
skull that form the terminal line of greatest 
cranial breadth 
g Glabella The most anterior midline point on the frontal 
bone, usually above the frontonasal suture 
n Nasion The point of intersection between the 
frontonasal suture and the midsagittal plane. 
op Opisthicranion Most posterior point of the skull not on the 
external occipital protuberance. 
pns Posterior 
Nasal Spine 
(PNS) 
The midline point of the most posterior 
portion of the palatine bone 
pr Prosthion The most anterior point in the midline on the 
alveolar processes of the maxillae 
s Sella The deepest point at the midline within the 
sella turcica, known anatomically as the 
hypophyseal fossa 
 Zygion The most lateral point on the zygomatic arch 
determined digitally. 
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Figure 4.3-Diagram of the points from which measurements were taken, CP047. Bregma 
(A), glabella (B), nasion (C), prosthion (D), PNS (E), sella (F), basion (G), 
opisthicranion (H). 
 
Definitions of Interlandmark Distance (Figure 4.4 and Table 4.4) 
Below are the operational definitions for the measurements used within this study, 
including both standard and non-standard measurements of the skull.  Some of the 
abbreviations may differ from the standard ones used; this was done to avoid confusion 
during the measuring process.  All of the measurements are used in conjunction with the 
operational definitions seen in the previous section.  Definitions for interlandmark 
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distance are provided by Bass (2005), Buikstra and Ubelaker (1994),Bjork (1955), Enlow 
(1990), Howells (1973 and 1989), Israel (2005), and Kuroe et al. (2006). 
Table 4.4. Interlandmark Distance Definitions. 
Code Measurement Definition 
BNL Basion-Nasion Length  The distance between basion and nasion 
BPL Basion-Prosthion Length  The distance between basion and prosthion 
BSL Basion-Sella Length  The distance between basion and sella 
AUB 
 
Biauricular Breadth  The least exterior breadth across the roots of the 
zygomatic processes 
ZYB Bizygomatic Diameter  The distance between the most lateral points of the 
zygomatic arches 
BBL Bregma-Basion Height  The distance between basion and bregma 
BOL Bregma-Opisthicranion 
Length  
The distance between bregma and opisthicranion 
XCB Maximum Cranial Breadth  Maximum width of the skull perpendicular to the 
midsagittal plane 
GOL Maximum Cranial Length  The distance between glabella and opisthicranion. 
NBL Nasion-Bregma Length  The distance between nasion and bregma 
NPL Nasion-Prosthion Length  The distance between nasion and prosthion 
NOL Nasion-Opisthicranion 
Length  
The distance between nasion and opisthicranion 
NSL Nasion-Sella Length  The distance between nasion and sella 
OBL Opisthicranion-Basion 
Length  
The distance between opisthicranion and basion 
OPL Opisthicranion-Prosthion 
Length  
The distance between opisthicranion and prosthion 
PBL PNS-Basion Length  The distance between the posterior nasal spine and 
basion 
PBH PNS-Bregma Height  The distance between PNS and bregma. 
PNL PNS-Nasion Length  The distance between PNS and nasion 
PPL 
PBR 
PNS-Prosthion Length 
Prosthion-Bregma Height  
The distance between PNS and prosthion 
The distance between prosthion and bregma 
PSL Prosthion-Sella Length  The distance between prosthion and sella 
SBL Sella-Bregma Height  The distance between sella and bregma 
SGL Sella-Glabella Length  The distance between sella and glabella 
SOL Sella-Opisthicranion 
Length  
The distance between sella and opisthicranion 
SPL Sella-PNS Length  The distance between sella and PNS 
Based on the Definitions provided by Bass (2005), Buikstra and Ubelaker (1994),Bjork 
(1955), Enlow (1990), Howells (1973 and 1989), Israel (2005), Kuroe et al. (2006) 
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Figure 4.4-Diagram of all of the possible measurements used within this study, CP058. 
Statistical Analysis 
The current study will use canonical correlation discriminant function analysis in 
order to determine if there is correlation between the measurements of the juvenile crania 
and sex.  Canonical correlation can be seen as an extension of multiple regression 
analysis.  Multiple regression examines how multiple variables can predict one outcome 
and how well these variables predict this outcome.  As an extension of this, canonical 
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analysis takes these same variables to predict two or more outcomes (Afifi and Clark, 
1996).  The variables are independent and the outcomes are dependent; in the case of this 
research the measurements are the independent variables that are being used to predict 
the dependent variable, either male or female.  In summary, canonical analysis is looking 
to see if there is a relationship between the independent and dependent variables and how 
strong that relationship is.   
The second part of the analysis was discriminant function analysis (DFA).  DFA 
is a means of analysis used to classify variables and be used to both describe a group as 
well as predict into which group a variable falls.  Thus canonical analysis is looking for 
the correlations between the variables, DFA is looking to see if this same information can 
be used to classify these variables into distinct groups as well as which variables are most 
helpful at making this classification (Afifi and Clark, 1996).  In the case of this research, 
this test will determine how well these measurements can lead to a classification of male 
or female.  These analyses were also run using a stepwise analysis, which assists in 
creating classification models by which new cases can be classified into one group or 
another.  When stepwise analysis is used, those functions that do not contribute positively 
to the model are deleted, and only those that create the best model are retained for the 
function.  The analysis for this study was run using SPSS.  Discriminant function analysis 
was also run without using the stepwise function.  This will create models using all of the 
variables that contribute compared to stepwise which deletes those that contribute the 
least.  This type of analysis will create models that will use more measurements rather 
than a few. 
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Additionally, independent t-tests were used to analyze the data to determine at 
which age cohorts the measurements exhibited to most sexual dimorphism.  This was 
determined by the p-value, which was calculated at a 95% confidence interval.  If the age 
cohort exhibited a significant difference between the sexes, this indicates that the 
measurement is a strong predictor of sex for that age cohort.     
It is important to note that the sample used for this study was unevenly distributed 
between males and female as approximately two-thirds of the sample were males.  This is 
an issue that commonly occurs when using a donated or research collection.  The issue of 
uneven sample size is a reality of this field of study but is one that is rarely discussed in 
length within the studies that have this issue.  This was not the case in a paper published 
by Milner and Boldsen (2012).  In their study, the authors examined the correlation 
between humeral head diameters and sex.  In addition to this aspect of the study they also 
went into discussion on samples that have an overrepresentation of one sex over another.  
What they found was that when one sex was overrepresented, there was a higher 
probability that that sex would be more correctly classified.  Likewise, as the 
representations of a sex shift up and down, so to do the expected frequencies of that sex 
existing within a particular range in terms of measurements.  For the current study, the 
implication exists that since there is a decreased frequency of females within the 
population, that males will be more accurately sexed overall and that the frequency of 
overlap between the sexes (i.e. that a female may be found to have a similar measurement 
to a male, may also be decreased).  These are some considerations that will need to be 
considered when examining the results and within the discussion of those results.   
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Intra-observer Error (Table 4.5) 
 Intra-observer error was measured using a paired t-test, analyzed using SPSS.  
The complete set of measurements of fifty three individuals (15% of the overall 
population) was used to evaluate the intra-observer error.  Individuals used were those 
from whom all measurements could be taken.  The two sets of data that were compared 
were taken four months apart.  In addition to the independent t-test, a bivariate correlation 
analysis was run on the sample to test the strength of the relationships between the two 
sets of data that were compared.   
Table 4.5 Intra-Observer Error Sample 
Age Groups Males (N=34) Female (N=19) Total (N=53) 
3-4 2 0 2 
5-6 2 2 4 
7-8 6 2 8 
9-10 1 1 2 
11-12 5 0 5 
13-14 5 5 10 
15-16 12 9 21 
17 1 0 1 
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CHAPTER 5:  RESULTS 
 After taking all of the measurements, it was decided that measurements involving 
prosthion would not be used in the analysis as many images did not have the lower region 
of the face present.  While the raw data was collected for those individuals whose 
prosthion were present, they were not used for the statistical analysis of this study.  
Intraobserver Error 
Intra-observer error was assessed using a paired t-test for each measurement used 
in this study.  Four months separated the initial measurements and the second set of 
measurements  All twenty-five measurements taken for this study were analyzed; of those 
twenty five, seven were found to be significantly different when compared (Table 5.6).  
The measurements that were found to show significant difference were opisthicranion-
basion length, basion-sella length, PNS-nasion sella length, sella-PNS length, prosthion-
sella length, sella-bregma length, and bizygomatic diameter.  All of these measurements 
had p-values of less than .05 indicating that there was a significant difference between the 
initial measurements and the secondary measurements.  These results indicate that the 
majority of these measurements and the technique used to gather them are repeatable.  
The majority of those measurements that show significant difference involve the sella, 
indicating that locating this point to measure from is difficult or that the location has a 
natural variability that causes significant difference in measurement.  Biauricular breadth 
had the highest p-value at .904 (p> .05), signifying that that measurement is very 
repeatable.  This measurement is followed by bregma-opisthicranion, maximum cranial 
breadth and opisthicranion-prosthion.  Sella-PNS length exhibits the lowest p-value at 
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.001 (p> .05), indicating that this is the least reliable measurement in this study as it 
exhibits the most significant difference of those tested.  Those measurements that 
exhibited a significant difference were excluded from analysis.  When a bivariate 
correlation analysis was executed, biauricular breadth had a r-value of .994 (p>.01) while 
sella-PNS length exhibits an r-value of .954 (p>.01) indicating that both groups compared 
for each variable exhibits a strong relationship to one another.  While the two groups 
compared for the measurement SPL exhibit a strong relationship to one another, there is 
still a significant difference that exists between the two groups compared.      
Table 5.1 Intra-Observer Error 
 
Measurement t df p-values (95% confidence interval) 
Max. Cranial Length .581 52 .564 
Nasion-Opisthicranion  1.314 52 .195 
Nasion-Bregma -.954 52 .344 
Bregma-Opisthicranion -.423 52 .674 
Opisthicranion-Basion -2.059 52 .045 
Basion-Bregma -1.74 51 .088 
Basion-Prosthion -1.167 52 .248 
Basion-Nasion 1.082 52 .284 
Basion-Sella -2.665 52 .01 
Nasion-Sella 1.345 52 .184 
Nasion-Prosthion 1341 52 .186 
PNS-Basion .989 52 .327 
PNS-Prosthion 1.291 52 .202 
PNS-Nasion 3.301 52 .002 
Sella-PNS -3.579 52 .001 
Prosthion-Sella -2.093 52 .041 
Sella-Glabella -1.017 52 .314 
Sella-Opisthicranion -1.26 52 .213 
Opisthicranion-Prosthion .6 52 .551 
Prosthion-Bregma -1.001 52 .322 
Sella-Bregma 3.019 52 .004 
PNS-Bregma -1.72 52 .091 
Max. Cranial Breadth -.795 52 .43 
Bizygomatic Diameter 2.161 51 .035 
Biauricular Breadth .122 51 .904 
*Those measurements highlighted in red were found to exhibit significant difference.
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Discriminant Function Analysis 
 The variables that were found to be the most statistically significant after the 
canonical correlation analysis were then analyzed with a stepwise discriminant analysis 
to create classification models for sex identification.  These models are created from the 
unstandardized coefficients produced by the stepwise test.  The results of these equations, 
the discriminant function, can then be compared to the centroids produced by the analysis 
for males and females (Tables 5.1 and 5.3).  If the discriminant function is closer to one 
centroid than the other, this indicates that the individual most likely belongs to that sex.  
Additionally discriminant functions can be created without a stepwise analysis (Tables 
5.2 and 5.4).  The models produced by this type of analysis contain more variables within 
the function as all variables that are considered to contribute to the model are included 
compared to stepwise analysis where those variable that contribute the least are deleted 
from the model.  Table 5.5 shows a comparison between the classification rates between 
the study completed by Gonzalez (2012) and the results of this study.   
Classification Model for Ages 3-4 
 This age represents a time when the crania and facial regions are still in a state of 
growth, which will be affected by a variety of factors.  The best model for this age using 
DFA with a stepwise analysis consists of one variable, basion-nasion length.  This 
variable represents the growth of the base of the cranium.  This variable was correctly 
classified slightly better in females, with a correct classification rate of 70%, compared to 
the classification rate in males which was 65.2%.  The overall classification rate was 
66.7%.  Wilks’ lambda, which indicates the significance of the discriminant function, for 
51 
this model was .855 (p>.05).  This indicates that the model has a high goodness of fit.  In 
contradiction to this the canonical correlation was .38 (p> .05) indicating tha the 
correlation between the variables and the discriminant function is low.  The best model 
without using a step wise analysis consists of all of the measurements except for ZYB, 
OBL, BSL, SPL, PSL, and PNL.  The overall classification rate for this group is 92.6 
with females being correctly classified more often than males with a classification rate of 
100% while males have a classification rate of 89.5%.  Within this model BNL, NSL and 
BBL contribute the most.  Wilks’ lambda and canonical correlation are opposite those 
seen in the stepwise model of this age cohort with p-values of .436 and .751 (p> .05) 
respectively.  This implies that while this model does not show a strong goodness of fit 
the variables are highly correlated to the discriminant function.  When the data was 
analyzed with an independent t-test, both BNL (t=2.182, df=31, p>.05) and NSL              
( t=2.115, df=32, p>.05) were found to show significant difference between the two 
sexes, supporting the determination of the discriminant function analysis that BNL 
creates the best function for this age cohort (Figure A.1).  
Classification Model for Ages 5-6 
 This age represents the slowing of craniofacial growth and the beginning of the 
eruption of the permanent dentition. Within this population there were no variables that 
were found to be significant and therefore no model was created for this age group when 
analyzed with DFA with a stepwise analysis.  When analyzed without a stepwise analysis 
the model contains all measurements used in analysis.  Females in this age cohort had a 
classification rate of 69.2% compared to the higher rate of 76.9% found in males.  The 
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overall classification rate for this age cohort was 74.4%.  Within this model BBL, BNL 
and NSL contribute the most.  Wilks’ lambda for this model is .716 (p> .05) and the 
canonical correlation is .533 (p> .05) signifying that while there is a strong goodness of 
fit for the formula while the variables exhibit  a moderate correlation to the formula.  
Despite the results of the discriminant function analysis, the results of the independent t-
test reveal that GOL (t=2.327, df=44, p>.05), NOL (t=2.379, df=44, p>.05), SOL 
(t=2.064, df=44, p>.05), and AUB (t=2.188, df=43, p>.05) exhibit the most difference 
between the sexes of this cohort (Figure A.2).  This indicates that while these 
measurements exhibit the most sexual dimorphism, the measurements within the function 
may have a stronger correlation to the data versus the measurements presented by the t-
test. 
Classification Model for Ages 7-8 
 The growth of the cranium and facial regions continues to slow down in this age 
group.  The best model for this age group consists of the variables XCB and BOL.  Again 
the females in the group were classified correctly when compared to males with a correct 
classification rate of 92.3% where the males were correctly classified at 80.8%.  The 
overall correct classification rate was 84.6%.  Maximum cranial breadth provided the 
greatest contribution to this model.  When analyzed without using a stepwise analysis all 
measurements contributed to the model except those excluded from analysis.  The overall 
classification rate is 91.7% with females performing better with a classification rate of 
100% while males had a slightly lower rate of 87%.  Within this model XCB, AUB, and 
BOL show the highest contribution.  When the data was analyzed with an independent t-
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test multiple measurements exhibited significant difference.  These measurements include 
BOL (t=2.782, df=37, p>.05), BBL (t=2.651, df=37, p>.05), BNL (t=2.606, df=37, 
p>.05), SGL (t=2.288, df=37, p>.05), XCB (t=3.779, df=37, p>.05), and AUB (t=3.179, 
df=35, p>.05) (Figure A.3).  The results of the t-test support the results of the 
discriminant function analysis, both with and without stepwise analysis.  In addition these 
results show those variables that support, to a lesser degree, the discriminant function 
analysis without stepwise analysis.  
Classification Model for Ages 9-10 
 This age range represents a time where growth slowly begins to pick up.  This is 
an age where secondary sex characteristics may begin to develop.  The model for this age 
group consists of PBL and PBH representing the height of the cranium as well as a 
measure of length.  Males were correctly classified more often than females with a 80% 
correct classification compared to 87.5% found in females.  This model exhibits a 
moderate goodness of fit as well as a moderate correlation of the variables to the model.  
The overall correct classification rate was 82.1%.  When analyzed without a stepwise 
analysis this age cohort had correct classification rate of 82.1% with females performing 
better with a 87.5% classification rate, while males had a classification rate of 80%.  
Within this model BBL, SBL, and BNL exhibit the highest contribution and all variables 
were present in the model except for those that were not included in the analysis.  When 
the data was analyzed with an independent t-test, AUB (t=2.059, df=30, p>.05) exhibited 
the most significant difference between the sexes (Figure A.4).    
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Classification Model for Ages 11-12 
 The best model for this age range consisted of GOL and XCB, representing the 
maximum breadth and length of the cranium.  Males were correctly classified more often 
than females with 81.8% correct classification compared to 76.2% found in females.  
Overall correct classification was 79.6%.  Maximum cranial length provided the greatest 
contribution to this model, followed by maximum cranial width.  When analyzed without 
a stepwise analysis, males performed better with a classification rate of 90% compared to 
the slightly lower rate found in females, 83.3%.  The overall classification rate for this 
cohort was 87.5%.  Within this model GOL, XCB, and NOL show the highest 
contribution with all variables present within the model except those that were excluded 
form analysis.  When the data was analyzed with an independent t-test, seven 
measurements exhibited significant difference.  Those measurements include GOL 
(t=4.43, df=53, p>.05), NOL (t=3.539, df=53, p>.05), NBrL (t=3.642 df=53, p>.05), SOL 
(t=3.142 df=53, p>.05), PBH (t=2.731, df=48, p>.05), and AUB (t=3.021, df=52, p>.05) 
(Figure A.5).  The results of the t-test support the results of the discriminant function 
analysis, both with and without stepwise analysis.  In addition these results show those 
variables that support, to a lesser degree, the discriminant function analysis without 
stepwise analysis.    
Classification Model for Ages 13-14 
 This stage is when secondary sex characteristics will begin to emerge in earnest.  
The model for this age range consists of AUB and GOL, with AUB contributing the most 
to the function equation.  The trend of females being correctly classified than males once 
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again emerges with females being correctly classified 86.4% compared to males who 
have a correct classification rate of 70.4. The overall correct classification rate for this 
age range is 77.6%.  Wilks’ lambda was .62 (p>.05) while canonical correlation was .616 
(p>.05) indicating that there is both a moderate goodness of fit within the formula as well 
as a moderate correlation between the formula and the variables.  When analyzed without 
a stepwise analysis females performed better with a 94.4% correct classification rate 
compared to the lower rate of 83.3% seen in males.  The overall correct classification rate 
for this age cohort was 88.1%.   Within this model AUB, PBH, and GOL exhibit the 
highest contribution with all variables present within the model except those there were 
excluded from analysis.  When the data was analyzed with an independent t-test, seven 
variables exhibited significant difference.  These variables include GOL (t=3.614 df=47, 
p>.05), NOL (t=2.982, df=47, p>.05), NBrL (t=2.086, df=46, p>.05), SOL (t=3.215, 
df=47, p>.05), and AUB (t=2.387, df=47, p>.05) (Figure A.6).  These results support the 
results of the discriminant function analyses.   
Classification Model for Ages 15-16 
 Due to the continued development of secondary sex characteristics, the 
craniofacial region is in a stage of growth at this age range.  The classification model for 
this age range consists of four variables: NOL, BBL, PBL, and AUB.  Within this 
function NOL contributes the most to the model.  This age range also shows some of the 
highest classification rates of the sample with males having a correct classification of 
84.6% and females being slightly higher with a correct classification rate of 85.7%.  The 
overall correct classification rate for this group was 85.1%.  Wilks’ lambda for this model 
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was .464 (p>.05) while the canonical correlation was .732 (p>.05) indicating that the fit 
of this model is not as strong as other, possibly due to the presence of more variables, but 
that the correlation of the variables to the model is quite strong.  When analyzed without 
a stepwise analysis the overall correct classification rate for this age cohort was 92.5% 
with females performing slightly better with a classification rate of 92.9%, while males 
had a classification rate of 92.3%.  Within this model GOL, NOL, and AUB exhibit the 
highest contribution.  This analysis also produced a low Wilks’ lambda, .332 (p>.05) and 
a high canonical correlation, .818 (p>.05), indicating a low goodness of fit for the model 
but high correlation between the variables and the model.  When the data was analyzed 
with an independent t-test, all variables except for XCB and BOL showed significant 
difference between the sexes (Figure A.7).  These results support both discriminant 
function analyses.     
Classification Model for the complete Sample 
 When the whole age range was analyzed using discriminant function analysis of 
all of the variables, the model consisted of two variables, XCB and GOL.  Females for 
this age cohort had a higher classification rate compared to males.  The classification rate 
for females was 68.6% compared to the slightly lower rate of 64.7 seen in males.  The 
overall classification rate was 66.1%.  Wilks’ lambda for this model was high at .861 (p> 
.05) indicating a strong goodness of fit.  The canonical correlation was .373 (p> .05) 
implying that there is a low correlation between the variables and the function, which 
may be due to the presence of all ages within this model.  When the whole sample was 
analyzed without a stepwise analysis the overall correct classification rate was 72.9%.  
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Females in this analysis performed slightly better with a correct classification rate of 
73.8% while males had a correct classification rate of 72.4%. Within this model XCB, 
GOL, and NOL exhibit the highest contribution to the model.  The Wilks’ lambda for this 
analysis was strong at .802 (p> .05) in addition to a canonical correlation of moderate 
strength at .444 (p> .05).  These analyses were run to exhibit that since juveniles are in a 
state of growth and change that comparing them as a group is not adequate; they must be 
analyzed at the smaller age ranges in order to correctly classify their sex.  
 
 
Table 5.2 Discriminant Function Equations by Age Group using Stepwise analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Age Group Formula 
3-4 DF= (basion-nasion length x 1.00) 
5-6 No Formula 
7-8 DF= (bregma-opisthicranion length x .669)+(XCB x .799) 
9-10 DF= (PNS-basion length x .759)+(PNS-bregma height x .947) 
11-12 DF= (maximum cranial length x .687)+(maximum cranial breadth x .543)  
13-14 DF= (maximum cranial length x .809)+(biauricular breadth x .852) 
15-16 DF= (nasion-opisthicranion length x .391)+(basion-bregma height x 
.494)+(PNS-basion length x .606)+(biauricular breadth x .455) 
All Ages DF= (maximum cranial length x .611)+(maximum cranial breadth x .687) 
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Table 5.3 Discriminant Function Equations by Age Group without Stepwise Analysis 
 
Age 
Group 
Formula 
3-4 DF= (maximum cranial length x-3.919)+(nasion-opisthicranion length x -
3.49)+(nasion-bregma length x 4.021)+(bregma-opisthicranion length x 
4.185)+(basion-bregma length x  -2.753)+(basion-nasion length x 
2.089)+(nasion-sella length x .198)+(PNS-basion length x -1.384)+(sella-
glabella length x .892)+(sella-opisthicranion length x 6.621)+(PNS-bregma 
height x -2.913)+(maximum cranial breadth x -1.298)+(biauricular breadth x 
1.864)  
5-6 DF= (maximum cranial length x -1.347)+(nasion-opisthicranion length x -
2.394)+(nasion-bregma length x      1.842)+(bregma-opisthicranion length x 
2.095)+(basion-bregma length x -2.885)+(basion-nasion length x 
2.09)+(nasion-sella length x -.454)+(PNS-basion length x -.595)+(sella-
glabella length x 1.029)+(sella-opisthicranion x 2.652)+(PNS-bregma height 
x -.497)+(maximum cranial breadth x -.592)+(biauricular breadth x .162) 
7-8 DF= (maximum cranial length x -4.068)+(nasion-opisthicranion length x 
2.461)+(nasion-bregma length x       -.357)+(bregma-opisthicranion length x 
.532)+(basion-bregma length x .813)+(basion-nasion length x  
-.771)+(nasion-sella length x -.673)+(PNS-basion length x .471)+(sella-
glabella length x 1.532)+(sella-opisthicranion x 1.993)+(PNS-bregma height 
x -.612)+(maximum cranial breadth x -.963)+(biauricular breadth x -.279) 
9-10 DF= (maximum cranial length x -1.939)+(nasion-opisthicranion length x -
6.588)+(nasion-bregma length 1.031)+(bregma-opisthicranion length x 
1.152)+(basion-bregma length x -.656)+(basion-nasion length x 
.264)+(nasion-sella length x 3.972)+(PNS-basion length x .564)+(sella-
glabella length x .935)+(sella-opisthicranion x 7.61)+(PNS-bregma height x 
.286)+(maximum cranial breadth x -.539)+(biauricular breadth x .768) 
11-12 DF= (maximum cranial length x -3.769)+(nasion-opisthicranion length x 
1.246)+(nasion-bregma length x       -.062)+(bregma-opisthicranion length x 
.452)+(basion-bregma length -..017)+(basion-nasion length x .419)+(nasion-
sella length x -..042)+(PNS-basion length x -.03)+(sella-glabella length x 
1.391)+(sella-opisthicranion x 1.815)+(PNS-bregma height x -
.665)+(maximum cranial breadth x -.553)+(biauricular breadth x .175) 
13-14 DF= (maximum cranial length x 1.942)+(nasion-opisthicranion length x -
.657)+(nasion-bregma length x          -.554)+(bregma-opisthicranion length x 
-.147)+(basion-bregma length x .185)+(basion-nasion length x 
.101)+(nasion-sella length x 1.168)+(PNS-basion length x .362)+(sella-
glabella length x -1.927)+(sella-opisthicranion x -.483)+( PNS-bregma 
height x .432)+(maximum cranial breadth x .286))+(biauricular breadth x 
.366) 
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15-16 DF= (maximum cranial length x 2.646)+(nasion-opisthicranion length x -
1.075)+(nasion-bregma length x .215)+(bregma-opisthicranion length x -
.839)+(basion-bregma length x 1.427)+(basion-nasion length x 
.332)+(nasion-sella length x .431)+(PNS-basion length x .449)+(sella-
glabella length x -1.433)+(sella-opisthicranion x -.633)+(PNS-bregma height 
x -.948)+(maximum cranial breadth x -.286)+(biauricular breadth x .423) 
All Ages DF= (maximum cranial length x 2.381)+(nasion-opisthicranion length x -
.819)+(nasion-bregma length x  
.145)+(bregma-opisthicranion length x -.007)+(basion-bregma length x 
.091)+(basion-nasion length x .345)+(nasion-sella length x .444)+(PNS-
basion length x .149)+(sella-glabella length -1.367)+(sella-opisthicranion x -
.889)+(maximum cranial breadth x .776)+(biauricular breadth x -.425) 
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Table 5.4- Discriminant Function Models using Stepwise analysis 
Model Variable Unstandardized 
Coefficients 
Wilks’ 
Lambda 
Canonical 
Correlation 
Centroids Sectioning 
Point* 
% 
Accuracy 
3-4 BNL 1.00 .855 .380 M: .257 -.1765 M: 65.2 
     F: -.610  F:70 
       Total: 
66.7 
5-6 No. Var.       
7-8 XCB .799 .597 .635 M: .601 -.231 M: 80.8 
 BrOL .669   F: -1.063  F: 92.3 
       Total: 
84.6 
9-10 PBL 
PBH 
.759 
.947 
.649 .592 M: .448 
F: -1.12 
-.336 M: 80 
F: 87.5 
       Total: 
82.1 
11-12 GOL .687 .657 .586 M: .548 -.1825 M: 81.8 
 XCB .543   F: -.913  F: 76.2 
       Total: 
79.6 
13-14 AUB .852 .62 .616 M: .662 -.11 M: 70.4 
 GOL .809   F: -.882  F: 86.4 
       Total: 
77.6 
15-16 NOL .391 .464 .732 M: .897 -.352 M: 84.6 
 BrBL .464   F: -1.249  F: 85.7 
 PBL .606     Total: 
85.1 
 AUB .455      
All 
Ages 
GOL .611 .861 .373 M: .308 -.1065 M: 64.7 
F: 68.6 
 XCB .687   F: -.521  O: 66.1 
*For sectioning points, males are above and females are below the point. 
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Table 5.5. Discriminant Function Models without Stepwise Analysis 
Model Variable Unstandardized 
Coefficients 
Wilks’ 
Lambda 
Canonical 
Correlation 
Centroids Sectioning 
Point* 
% 
Accuracy 
3-4 GOL 
NOL 
NBL 
BOL 
BBL 
BNL 
NSL 
PBL 
SGL 
SOL 
PBH 
XCB 
AUB 
-3.919 
-3.490 
4.021 
4.185 
-2.753 
2.089 
.198 
-1.384 
.892 
6.621 
-2.913 
-1.298 
1.864 
 
.436  .751 M: -.710 
F: 1.687 
.4885 M: 89.5 
F: 100 
T: 92.6 
5-6 GOL 
NOL 
NBL 
BOL 
BBL 
BNL 
NSL 
PBL 
SGL 
SOL 
PBH 
XCB 
AUB 
-1.347 
-2.394 
1.842 
2.095 
-2.885 
2.09 
-.454 
-.595 
1.029 
2.652 
-.497 
-.592 
.162 
.716 .533 M: -.434 
F: .867 
.2165 M:76.9 
F: 69.2 
T: 74.4 
7-8 GOL 
NOL 
NBL 
BOL 
BBL 
BNL 
NSL 
PBL 
SGL 
SOL 
PBH 
XCB 
AUB 
-4.068 
2.461 
-.357 
.532 
.813 
-.771 
-.673 
.471 
1.532 
1.993 
-.612 
-.963 
-.279 
.354 .804 M: -.988 
F: 1.747 
.3795 M: 87 
F: 100 
T: 91.7 
62 
Model Variable Unstandardized 
Coefficients 
Wilks’ 
Lambda 
Canonical 
Correlation 
Centroids Sectioning 
Point* 
% 
Accuracy 
9-10 GOL 
NOL 
NBL 
BOL 
BBL 
BNL 
NSL 
PBL 
SGL 
SOL 
PBH 
XCB 
AUB 
 
-1.939 
-6.588 
1.031 
1.152 
-.656 
.264 
3.972 
.564 
.935 
7.61 
.286 
-.539 
.768 
.490 .714 M: .622 
F: -1.555 
-.933 M:80 
F: 87.5 
T: 82.1 
11-12 GOL 
NOL 
NBL 
BOL 
BBL 
BNL 
NSL 
PBL 
SGL 
SOL 
PBH 
XCB 
AUB 
-3.769 
1.246 
-.062 
.452 
-.017 
.419 
-.042 
-.03 
1.391 
1.815 
-.655 
-.553 
.175 
.501 .707 M: .-
.757 
F: 1.262 
.2525 M: 90 
F: 83.3 
T: 87.5 
13-14 GOL 
NOL 
NBL 
BOL 
BBL 
BNL 
NSL 
PBL 
SGL 
SOL 
PBH 
XCB 
AUB 
 
 
 
1.942 
-.657 
-.554 
-.147 
.185 
.101 
1.168 
.362 
-1.927 
-.483 
.432 
.286 
.366 
.46 .735 M: .915 
F: -1.22 
-.1525 M: 83.3 
F: 94.4 
O: 88.1 
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Model Variable Unstandardized 
Coefficients 
Wilks’ 
Lambda 
Canonical 
Correlation 
Centroids Sectioning 
Point* 
% 
Accuracy 
15-16 GOL 
NOL 
NBL 
BOL 
BBL 
BNL 
NSL 
PBL 
SGL 
SOL 
PBH 
XCB 
AUB 
2.646 
-1.075 
.215 
-.869 
1.427 
.332 
.431 
.449 
-1.433 
-.633 
-.948 
-.286 
.423 
.332 .818 M: 1.185 
F: -1.65 
-.465 M: 92.3 
F: 92.9 
O: 92.5 
All 
Ages 
GOL 
NOL 
NBL 
BOL 
BBL 
BNL 
NSL 
PBL 
SGL 
SOL 
XCB 
AUB 
2.381 
-.819 
.145 
-.007 
.091 
.345 
.444 
.149 
-1.367 
-.889 
.776 
-.425 
.802  .444 M: .38 
F: -.643 
-.1315 M: 72.4 
F: 73.8 
O: 72.9 
*For sectioning points, centroids will indicate which side of the point male or female will fall.  For cohorts 
3-4, 5-6, 7-8 and 11-12males will be below the sectioning point, while females will be above.  For cohorts 
9-10, 13-14,15-16 and All ages, females will be below the point while males will be above. 
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Table 5.6 Comparison of Classification Rates (%) between Gonzalez (2012) and Phillips 
(2013) 
 
 
 
 
Model Gonzalez (2012) Phillips (2013) with Stepwise Phillips (2013) without stepwise 
3-4 No Model M: 65.2 F: 70 T: 66.7 M: 89.5 F: 100 T: 92.6 
5-6 M: 80 F: 76 T: 78 No Model M: 76.9 F: 69.2 T: 74.4 
7-8 M: 76 F: 84 T: 80 M: 80.8 F: 92.3 T: 84.6 M: 87 F: 100 T: 91.7 
9-10 M: 86 F: 78 T: 82 M: 80 F: 87.5 T: 82.1 M: 80 F: 87.5 T: 82.1 
11-12 M: 76 F: 80 T: 78 M: 81.8 F: 76.2 T: 79.6 M: 90 F: 83.3 T: 87.5 
13-14 M: 86 F:83 T: 80 M: 70.4 F: 86.4 T: 77.6 M: 83.3 F: 94.4 T: 88.1 
15-16 M: 88 F: 90 T: 89 M: 84.6 F: 85.7 T: 85.1 M: 92.3 F: 92.9 T: 92.5 
65 
CHAPTER 6:  DISCUSSION 
When compared to the original statistics presented by Gonzalez (2012), the results 
of this study perform the same to slightly better depending on the age cohort.  Within this 
study, the facial region and its growth is the most sexually dimorphic, followed by the 
extreme measurements of the neurocranium such as the maximum cranial breadth or 
length.  This reflects the sexual dimorphism that can be seen in brain growth as well as 
the development of secondary sex characteristics which are mainly within the facial 
region.  The variation seen in which variables present the best model characterizes the 
complex process of craniofacial growth that takes place in the juvenile population and 
that sexual dimorphism is a product of these complexities.       
 The younger age cohorts within this study show the most sexual dimorphism in 
areas that are involved in the development of the facial region.  This is an area that shows 
dimorphism based on size (Enlow 1990).  As we age, the face grows in an anterior 
direction.   Between the ages of three and ten, the measurements of BNL, BBL, BOL, and 
NSL show the most sexual dimorphism.  This represents the growth of the face in the 
anterior direction.  Additionally within this age range XCB, PBH, PBL and AUB also 
show high rates of sexual dimorphism; these measurements represent increasing breadth 
and height of the cranium.  Baughan and Demirjan (1978) state that within this age group 
there is an approximately 10% difference in brain size between males and females; the 
sexual dimorphism represented by the variables in this study above would support this 
statement.  The results of the discriminant function analysis without a stepwise analysis 
support the conclusion that within the younger age cohorts the facial region presents the 
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most sexual dimorphism.  Additionally, the second analysis shows that while the facial 
region is the most sexually dimorphic, there is still growth present in breadth of the 
cranium.  These age cohorts all exhibit moderate to high Wilks’ lambda’s values 
indicating that at these young ages the discriminant functions have strong ability to act as 
predictors of sex.  Additionally the canonical correlations within these age cohorts have 
moderate strength when a stepwise analysis is used, indicating that the variables exhibit a 
good correlation to the discriminant functions themselves.  Comparatively when analyzed 
without a stepwise analysis, the values for Wilks’ lambda are low while the canonical 
correlations are high, indicating that without stepwise the strength of the overall function 
decreases but that a high correlation between the variables and the function exists.    
 From eleven to fourteen there is increased sexual dimorphism within the 
neurocranium, which is representative of the further separation of males and females as 
they begin and go through puberty.  At this point, female growth will begin to slow, as 
they mature more quickly than males, while males will maintain growth as the secondary 
sex characteristics within the facial region are developing.  In particular this study shows 
that XCB, GOL, and AUB show the most sexual dimorphism signifying the continued 
growth of the neurocranium.  The results of the discriminant function analysis without a 
stepwise analysis support the conclusion that within this age range the neurocranium 
exhibits the most sexual dimorphism.  Specifically the second analysis shows that sexual 
dimorphism is seen in the measurements concerning the lengthening of the neurocranium.  
When analyzed with stepwise the values for Wilks’ lambda and canonical correlation 
show moderate strength indicating that these functions are good predictors of sex.  
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Conversely, when analyzed without stepwise analysis the values for Wilks’ lambda were 
low while the values for canonical correlation were high, indicating a high correlation 
between the variables and the discriminant function.    
The oldest age cohort of this study continues the pattern seen in the 11-14 age 
cohorts with sexual dimorphism most prominent in the growth of the neurocranium.  
Within the age cohort of fifteen to sixteen the measurements that show the most sexual 
dimorphism are GOL, NOL, AUB, PBL, and BBL.  This indicates that sexual 
dimorphism can be seen within the growth of the neurocranium, specifically in those 
measurements related to length and breadth of the cranium along with smaller 
contributions by those measurements related to height.  The model produced for this 
cohort exhibits a moderate goodness of fit with a strong correlation of the variables to the 
model.  The decreased strength of the model itself is due to the presence of more 
variables being included in the model, where some of the measurements may exhibit less 
strength than others.   
 When the sample was analyzed as a whole the features that were the most 
sexually dimorphic fit the pattern seen above concerning the neurocranium.  Within this 
analysis GOL and XCB exhibited the highest sexual dimorphism, maintaining the pattern 
seen in the older age cohorts of this study, which exhibited sexual dimorphism within 
those measurements related to growth of the neurocranium.  While the correct 
classification when using a discriminant function of the whole group was not as good as 
when the sample was broken down into smaller groups, it does mimic the trend that is 
present within this sample.  Ultimately this model would only be used if it was difficult 
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or impossible to make an age estimation.  The second analysis without a stepwise 
analysis supports the conclusion that at this age the neurocranium shows the most sexual 
dimorphism in the measurements reflecting length and breadth of the skull.  Within this 
model, XCB, GOL, and NOL exhibit the highest contribution.  This model produced a 
strong goodness of fit with a moderate correlation of the variables to the formula within 
both types of analyses, indicating that while the model fits the data sample well, due to 
the inclusion of all age cohorts, the variables are not highly correlated to the models 
themselves.   
 The outlier in this study was the five to six age group, which produced no results 
when analyzed using the stepwise analysis along with discriminant function analysis.  
This indicates that no variables were considered to be significant when trying to classify 
an individual into one sex group or another.  In addition, the three to four age cohort 
produced only one variable.  This could indicate that the younger individuals of this study 
are very hard to classify; this is supported by the poor classification rate in the three to 
four age cohort and the lack of a model in the five to six age cohort.  These groups 
produce poor or no results due to the two sexes being more homogeneous than 
heterogeneous; they are too similar to produce good results.  The poor classification rate 
and lack of model may be due to the composition of the two cohorts where in both 
cohorts males outnumber females (See Table 4.2).  In a study were sex was evenly 
distributed, the uneven composition of the cohorts would be considered the main factor in 
the low classification rate and lack of a model seen in these two cohorts.  Due to the fact 
that all cohorts are unevenly distributed and the remainder of the cohorts produced 
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classification rates and models, the composition, while a probable factor, is not the main 
cause for these outliers.  Instead the main factor affecting these cohorts is the probable 
homogeneous nature of males and females within these age cohorts; there is simply not 
enough difference at these ages to produce a good model with a good classification rate.  
In general, these results indicate that at this point in time,  young juveniles may be too 
similar to accurately estimate sex.   
 As stated previously, the statistical results of this study were similar to Gonzalez 
(2012), but the variables that showed the most sexual dimorphism were different.  
Gonzalez (2012) noted that in the earlier age groups there was more development and 
sexual dimorphism within the neurocranium and then switched to the facial region once 
puberty started.  This was not the case in this study.  This study exhibited differences 
within the development of the facial region in the younger age cohorts first and then 
transitioned to the neurocranium in the older cohorts, indicating that rather than the 
viscerocranium exhibiting the most sexual dimorphism in the older cohorts, that the 
growth of the neurocranium produces the most sexual dimorphism.  The differences seen 
between the two conclusions is most likely due to the differences in sample composition; 
where the data produced by Gonzalez (2012) was based on a sample that was evenly 
distributed between age and sex cohorts, this study was not.  Additionally the exclusion 
of variables due to the state of the CT scans or due to intraobserver error reduced the data 
that was being analyzed in comparison to Gonzalez (2012).  These factors may account 
for the difference between conclusions. 
70 
  A pattern can be seen when comparing the functions produced through stepwise 
and those produced without it.  While the functions produced without stepwise exhibit a 
higher correct classification rate compared to those produced with a stepwise analysis, 
the values of their Wilks’ lambda are all fairly low, except for the model produced for the 
whole sample.  This pattern indicates that the inclusion of all of the variables without the 
deletion of those that contribute the least, decreases the significance of the function as a 
whole; the inclusion of the all of the variables inhibits a good fit.  Despite this, the 
canonical correlation of these functions is quite high signifying that the variables are 
highly correlated to the functions produced.  Additionally when run without a stepwise 
analysis, those variables that contribute the most to that model are generally the variables 
that are used to create the models when run with stepwise; so if the DFA without 
stepwise had been run previous to the stepwise analysis, examining which variables 
contributed the most would be a good predictor of the composition of the DFA with 
stepwise analysis.  In conjunction with the discriminant function analysis without a 
stepwise analysis, independent t-tests were run to examine which age cohorts showed the 
most sexual dimorphism, in the form of significant difference, for each variable.  Like the 
discriminant function analysis without stepwise analysis, these analyses also help to 
indicate which variables will most likely make up the function of the model when run 
with a stepwise analysis.  The results also correlate to the variables that contribute highly 
to the functions formed by the discriminant function analysis without stepwise analysis.   
 The intra-error rates for the majority of the measurements used in this study 
showed no significant difference.  Out of twenty five measurements, seven were found to 
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be significantly different when compared.  Of the seven measurements that were found to 
show significant difference, four of them (basion-sella, sella-PNS, prosthion-sella, and 
sella-bregma) contained sella as one point.  This signifies that this measurement is 
difficult to find identify with any repeatability.  Additionally it is important to note that 
any of those measurements that are found to be significantly different but are used within 
a function should be used with care.  Due to the fact that these measurements have low 
repeatability, it will affect the overall validity of the function and why they should not be 
used within the analysis until a time when the measurements perform better within 
intraobserver analysis.   
The Female Trend 
 The results of this study showed an interesting trend where the females of the 
sample were correctly classified more often males and had higher classification rates 
within both types of analyses used within this study.  The only exception is that when 
analyzing the data without a stepwise the five to six and eleven to twelve age cohorts 
produced classification rates where the males performed better than the females.  It was 
thought that due to the composition of the sample that males would have better 
classification rates based on the research of Milner and Boldsen (2012).  The question 
this situation proposes is why then are females within this study more often correctly 
classified?  There could be a few things that are affecting this sample.  The first is that the 
females of this collection do not vary from one another, making it easier to classify them 
as female compared to the males, whose sampling could be possessing a larger amount of 
variation.  Secondly, females may be developing at a steadier rater compared to males 
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also making classification easier.  If the measurements for the females of a certain age 
group stay within a more discreet range than the males it would make them easier to 
classify in comparison.  A third option is that females develop sooner than males; 
therefore the areas that are the most sexually dimorphic in females are done developing 
before males, who will then continue to show variation as they continue to develop 
compared to females.  This trend is also seen in the original work completed by 
Gonzalez. 
Does Ancestry have an Effect? 
 As stated in chapter four, this study did not discriminate based on ancestry when 
compiling the study population a process that was unavoidable as the information did not 
exist in the DICOM files.  The question that this situation presents is whether or not the 
lack of ancestral specificity has had an effect on the results of this study.  Research 
concerning the sexing methods of adults, as well as other methods of the biological 
profile, suggest that population does have an effect and that there will be differences 
between groups.  In juveniles it is unclear whether or not this would be the case, but since 
juvenile sexing methods operate off of the assumption that the differences that are seen in 
adults should at least be minimally present in juveniles, this rationale would also refer to 
population differences.  The effect on this study will not be confirmed until further 
research is done.  A concern with using a mixed urban population, such as the one in his 
study, is that it may not have enough population specificity to be applied to an individual 
from one population.  This same concern may also make the models generic enough that 
they can be used on juveniles from multiple populations.  Whether or not the lack of 
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ancestral specificity is a concern may be a moot point as ancestry would not be assessed 
morphologically in juveniles.   
Best Method? 
 Within chapter two there was discussion of the research presented by Spradley 
and Jantz (2011) concerning whether or not the skull is a good indicator of sex when 
compared to the success of the postcrania.  It has previously been held that after the os 
coxa, the skull is the next best piece of the skeleton to be used for sex estimation; the 
research done by the authors saw that in adults this was not the case and that the 
postcrania performed better.  A question to be asked about this research is whether or not 
this same research would be the same for a juvenile sample?  That is a hard question to 
answer at this point considering the limited amount of research concerning juvenile sex 
estimation as well as validation studies to test the methodologies.  The results of this 
study ranged from 66% overall correct classification to 88%, similar to other studies 
involving juvenile sex estimation methods of the cranium.  The study completed by 
Rogers (2009) of the distal humerus exhibited a 92% correct classification rate.  This 
suggests that while this study did produce good classification rates, the postcrania of 
juveniles may also be better for sex estimation in juveniles. 
Applications 
 Another question presented by this study is how it can be applied to forensic 
anthropology case work.  While this study does use CT images to create the discriminant 
function models, CT images are not needed within case work to use this method.  This 
study has produced discriminant functions that can be used to estimate sex.  A formula is 
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simply constructed from the coefficients which will produce a discriminant function 
which can then be compared to the group centroids; the closer an individual is to a 
centroid the most likely that individual belongs to that group.  In addition all of the 
measurements within this study, except for those involving the sella, can be taken 
externally, and will not involve the creation of a calotte, preserving the integrity of the 
juvenile skull.  Using the method in this way is especially helpful for those jurisdictions 
who either do not have the resources needed to produce a CT scan or radiograph.  The 
only thing that is needed is the age of the individual which can be gained from 
antemortem records or from doing a dental examination.  Dental eruption follows a set 
pattern based on age.  This study was completed using biological age, where dental age 
has a range, though it is discreet compared to methods used in aging adults.  In order to 
ensure that the correct sex was assigned the use of formulas from the age groups that the 
dental eruption most represents would be best practice. 
 Similarly, methods such as this one that use a digital image to derive skeletal 
information can assist those jurisdictions that have a lack of accesses to forensic 
anthropologists.  While the field of forensic anthropology is growing, there are a limited 
number of positions that are currently held within medical examiner’s and coroner’s 
offices.  In using a digital information, such as that presented in a CT scan, a pathologist 
could collaborate with an offsite forensic anthropologist by sending the images to that 
person, and having then apply their specific knowledge to the case, even if they are 
unable to actually be physically there.  
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 In many cases, sex would not be assessed morphologically; instead DNA would 
be used to estimate sex versus utilizing methods that show low classification rates.  In the 
field of forensics, DNA is considered the main method of identification and due to this 
many labs have a significant backlog of samples in need of DNA analysis.  Due to this, 
the method presented here may be used to estimate sex when DNA from remains is being 
processed.  This would be the case in smaller labs that do not have the ability to process 
DNA in an expedited manner.  This method or similar methods could be used in 
conjunction with DNA analysis to make an estimation.  Furthermore, if sex estimation 
based on DNA analysis is gained, then sex of the unknown has become known and this 
data can be gathered to retroactively confirm which areas of the juvenile cranium are the 
most sexually dimorphic.  In general, a method such as the one presented here could be 
used as part of a multidisciplinary approach to creating a biological profile and furthering 
a forensic investigation. 
 A final application of this method is within the field of bioarchaeology.  The 
DNA from historical or ancient remains may be too degraded or it may not be able to be 
harvested, creating a situation whereby other methods are needed to assess the biological 
profile.  In this situation morphological or metrical methods would be needed to assess 
the biological profile in juveniles. 
Future Research 
 The data presented here presents a variety of avenues for future research, not only 
for this sample but for other samples.  There are two directions that this data can take.  
The first is two analyze the data using only those measurements that would be commonly 
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used on physical skulls.  Due to the fact that not all jurisdictions have access to CT scans 
or other types of imagery equipment and the cost of using such equipment, it is important 
to create formulas that involve those measurements that are standard to anthropology.  
While many of the functions presented here do include those measurements that are 
standard, they also include those that are not and those that may be difficult to take on a 
physical skull, especially if it has not been sectioned.  Therefore it is imperative that 
formulas be produced that could be used on physical skulls.   
Additionally, as this study included the collection of age information, it would be 
possible to examine whether or not there is a correlation between age and various 
measurements, and whether or not it would be possible to create formulas from the data 
that could be used to derive age.  This type of information would be especially helpful in 
the event that dentition is not present in a set of unknown remains or if the remains do not 
include long bones, which are often used to discern age in juveniles (Buikstra and 
Ubelaker 1994, Lewis 2007, Scheuer and Black 2000). 
A similar avenue of research to that listed above would be to rerun the analyses 
on this population or another that is evenly distributed.  As discussed previously, the lack 
of even distribution within this sample could have affected the results.  If the analyses 
were run on an evenly distributed population, the results may be more closely related to 
the results presented by Gonzalez in terms of which areas of the skull exhibited the most 
sexual dimorphism and at what ages this dimorphism occurred.    
 While there is a large amount of debate present in the field concerning whether or 
not it is possible to accurately estimate sex in juveniles, it is important to test and rethink 
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methodology on various populations to both establish whether or not if there are 
population differences and to keep working at the issue of whether or not it is possible to 
accurately estimate sex in juveniles.    
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CHAPTER 7:  CONCLUSION 
 The research shown here is simply the beginning of the work that needs to be 
done in the area of juvenile sex estimation; in comparison to adults the field is lacking in 
this area.  The results presented here do demonstrate the presence of sexual dimorphism 
within the growth of the craniofacial area, specifically in the neurocranium and the areas 
involving the growth of the face validating the results found in the study completed by 
Gonzalez (2012).  There is a plethora of research that is still needed within this area.  The 
main argument against juvenile sex estimation is that those features that create indicators 
of sex in adults may not be present in young juveniles, but may be seen in older juveniles.  
Secular change has caused juveniles to go through puberty at an earlier age and due to 
this, new research is needed to evaluate whether or not sex estimation methods in 
juveniles may be more attainable now that puberty is happening at an earlier age.  In the 
matter of determining whether or not sex estimation in juveniles is attainable, secular 
change may be extremely helpful; if individuals are having precocious puberty, those 
traits that are seen as sexually dimorphic may occur earlier as well.  So while in previous 
populations that have been used to establish the methods that we have at present do not 
show high likelihoods of sexual dimorphism, current or future populations may present 
sexually dimorphic features at younger ages than previously thought.   
Further research is also needed to explain why females are more correctly 
classified is needed in order to see if this is population specific, or if it is gender specific.  
Similarly, research is needed to determine population specific models or if population 
specific population models are needed.   
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 In addition, current research indicates that the postcrania may be better for sex 
estimation in adults and there are indicators that this is also the case in juvenile 
populations.  More research into both methods of sex estimation of the skull as well as 
the postcrania are needed in order to conclude anything in a concrete manner.  Finally 
this study could possibly be reversed to see if age can be determined by measurements of 
the cranium.  It is clear that there are patterns of growth within the sexes, but whether or 
not these patterns are specific to age, or just a general pattern is not clear.   
In general, the area of juvenile sex estimation is still in its infancy; with the 
creation of better technologies and better imaging methods it may be possible to create 
methods from living populations, rather than having to wait for a large enough sample of 
known individuals to be made or found.  The medical field produces a large volume of 
clinical data that could be used to fulfill the needs within the field.  Work involving the 
juvenile skeleton is difficult as their skeletons are hard to come by; working with living 
populations may be a way to overcome this obstacle. 
The history of juvenile biological profile estimation is long and storied, with some 
aspects becoming easier to predict than others.  The purpose of this study was not to 
rewrite this history, but to validate current research and highlight current and future 
possibilities in this area of discussion.  
 
  
80 
Appendix A: Graphical Representation of Interlandmark Distances for Male and 
Females based on Age 
  
 The following section depicts graphical representation of the mean ± standard 
error of the mean of all of the measurements analyzed.  Using SPSS, an independent t-
test was completed for each age cohort to establish which measurements exhibited the 
greatest difference i.e. the measurement that exhibits the greatest sexual dimorphism.  An 
asterisk represents a measurement where a significant difference exists between the 
sexes, indicating that the measurement is a predictor of sex at a 95% confidence interval.  
 
 
 
 
 
Figure A.1. 3-4 Age cohort; mean and standard error of the mean for males and females.  
This graph shows that for this age cohort, BNL and NSL exhibit the most sexual 
dimorphism.  These measurements represent growth of the cranium in the anterior 
direction. 
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Figure A.2. 5-6 Age cohort; mean and standard error of the mean for males and females.  
This graph indicates that GOL, NOL, SOL, and AUB exhibit the greatest sexual 
dimorphism for this age cohort.  These measurements are related to both length and 
breadth of the cranium 
 
 
Figure A.3. 7-8 age cohort, mean and standard error of the mean for males and females.  
This graph indicates that BOL, BBL, BNL, SGL, XCB, and AUB exhibit the greatest 
sexual dimorphism within this age cohort.  These measurements are related to the height, 
breadth, and growth of the cranium in the anterior direction.  
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Figure A.4. 9-10 age cohort, mean and standard error of the mean for males and 
females.  This graph indicates that AUB is the most sexually dimorphic variable for this 
cohort.  The measurement is related to the least breadth of the cranium. 
 
 
 
Figure A.5. 11-12 age cohort; mean and standard error of the mean for males and 
females.  This graph indicates that GOL, NOL, NBL, SOL, and AUB exhibit the most 
sexual dimorphism for this age cohort.  These measurements are related to the length and 
breadth of the cranium. 
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Figure A.6. 13-14 age cohort; mean and standard error of the mean for males and 
females.  This graph indicates that GOL, NOL, NBL, SOL, and AUB are the most 
sexually dimorphic measurements for this age cohort.  This measurements are related to 
both length and breadth of the cranium 
  
 
 
Figure A.7. 15-16 age cohort; mean and standard error of the mean for males and 
females.  This graph indicates that all measurements except of XCB and BOL show 
significant sexual dimorphism.  These measurements are related to length, height and 
breadth of the cranium. 
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